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PRECIPITATION OF GOLD AND SILVER FROM CYANIDE 
SOLUTION ON CHARCOAL 


By Joun Gross anp J. WALTER ScotTr 


INTRODUCTION 


In its endeavor to increase efficiency in the production and treat- 
ment of mineral substances the Bureau of Mines has studied various 
problems of the metallurgy of the precious metals. This paper deals 
with a possible improvement in the cyanidation of gold and silver 
ores. 

Charcoal is a strange and interesting substance. The fact that it 
has the power to abstract gold and silver from cyanide solutions to 
the extent of 7 per cent of its weight in gold and 3 per cent of its 
weight in silver without showing the slightest change in appearance, 
even under the microscope, clothes it with a mystery that has long 
interested metallurgists. Even now, with the mass of data made 
available by various investigators, much remains to be learned. 
At present, charcoal adsorption is being studied by many persons, 
and their investigations may eventually lead to its application to 
purposes not yet dreamed of. 

During the investigation reported in this paper many ramifications 
were revealed, in following any one of which a lifetime could be spent. 
Charcoal, the chief factor, is subject to myriad variations due to 
differences in raw materials, preliminary treatment, and methods of 
charring. Added to the variations possible in the charcoal itself are 
those possible in solutions and in methods of precipitation. 

The term “precipitation” as applied to the deposition of gold and 
silver from cyanide solution on charcoal is a misnomer but it has 
been so used and will be so used in this paper. 


PURPOSE OF INVESTIGATION 


The problem of charcoal precipitation of gold and silver from 
cyanide solution was undertaken by the Rare and Precious Metals 
station of the Bureau of Mines (Reno, Nev.) primarily to investigate 
the possibilities in practice and secondarily to investigate the mecha- 
nism of the precipitation itself. 

The announcement (61, 62) in 1916 that zinc had been displaced 
as a precipitant by charcoal at the Yuanmi mine, Western Australia, 
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again brought the use of charcoal into consideration, and at the sug- 
gestion of A. W. Allen, who has made frequent contributions to the 
literature on the subject, the bureau began the study of the problem. 
There could be little hope of making a charcoal that would displace 
zinc, especially as zinc precipitation with the Crowe vacuum method 
had become practically perfect. It was believed, however, that there 
might be conditions under which charcoal could be advantageously 
employed. 
SCOPE OF INVESTIGATION 

The literature on precipitation from cyanide solution by the use 
of charcoal is confined almost entirely to studies of the action with 
gold, and the different theories of the mechanism have been based on 
the action with gold and not with silver. It was decided, therefore, 
that the precipitation of both gold and silver should be investigated. 

This subject may be studied with respect to increasing the eff- 
ciency of charcoal as a precipitant, or with respect to treating it so 
as to prevent its acting as a precipitant. In the former alternative 
the object is to produce a charcoal of maximum efficiency and to 
develop the most favorable conditions for its use; in the latter the 
object is to prevent ‘‘premature precipitation”’ in the treatment of 
an ore containing carbonaceous matter. 

The investigation included the making of a satisfactory charcoal, 
and the possible reuse of the charcoal after it had been loaded to its 
ultimate capacity. Methods of using charcoal and the effect of 
impurities in solutions were also investigated. Considerable atten- 
tion was necessarily paid to the theory of precipitation. Incidentally, 
a method of testing was developed by which comparisons were 
possible at different stages of the work. The investigation also 
included a review of the pertinent literature. Appended to this paper 
is a reference list of articles of particular interest which are referred to 
by number throughout the text. 


RESULTS OF INVESTIGATION 


The results obtained in this investigation are summarized as 
follows: 

The mechanism of the precipitation involves adsorption accom- 
panied by a chemical change. 

Precipitation of silver on charcoal from cyanide solution follows 
the same laws as precipitation of gold, although it is slower; charcoal 
has less capacity for silver than for gold. 

The limit of charcoal precipitation from cyanide seems to be about 
2,000 ounces of gold and about 1,000 ounces of silver per ton of 
charcoal. 

Little difference exists among charcoals prepared from different 
woods. 
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The most important point in the making of charcoal is the heat 
treatment, either during the making or subsequent thereto. 

To quench charcoal does not improve it. 

Pulverization finer than 200 mesh does not appreciably add to the 
efficiency of charcoal. 

Few substances in the solution appreciably affect precipitation. 

The adsorbed gold or silver salt is soluble to some degree in boiling 
water, and is especially soluble in hot cyanide. 

There is a possibility of so changing the adsorbed gold or silver salt 
on charcoal that the charcoal may be used for further precipitation. 

Charcoal will precipitate gold or silver from a cyanide ore pulp; 
the charcoal can then be separated from the pulp by flotation. 


HISTORY 


Metallurgical interest in charcoal as a precipitant has been con- 
fined to distinct periods which may be designated as the ‘‘chlorina- 
tion and early cyanide” period, the ‘‘premature precipitation” 
period, and the “‘Yuanmi’”’ period. Previous to these there was 
what may be termed the “‘premetallurgical”’ period. 

Premetallurgical period.—Lowitz (1, 4, 52) in 1790 discovered 
that charcoal had the power of decolorizing solutions. Early in the 
nineteenth century several experimenters obtained metallic precipi- 
tates on charcoal from solutions (1, 2, 3, 5, 13, 31, 52), and by the 
middle of the century a considerable amount of empirical knowledge 
had been published. No distinction was made between adsorption 
and absorption, although some of the earlier workers seemed to have 
a shrewd perception of the action of charcoal. 

Chlorination and early cyanide period.—The first use of charcoal 
as a precipitant in metallurgy seems to have been made by W. N. 
Davis (6, 7, 12, 13) in connection with chlorination. Later it was 
used in a number of chlorination plants, especially in Australia. 
Much information has been published on the use of charcoal as a 
precipitant in the chlorination process (7, 13, 26, 40, 59), but it is 
now chiefly of historical interest. 

As the cyanide process gradually replaced the chlorination process, 
it was natural that charcoal should be tried as a precipitant for the 
precious metals from cyanide solutions, especially as the use of zinc 
was still far from satisfactory. W. D. Johnston (9, 14, 22, 24) in 
1894 patented the use of charcoal in pulverized form. 

The use of charcoal as a precipitant in the cyanide process became 
general in Victoria (18, 19, 21, 23, 28, 35, 37, 91), although its use 
in the United States was confined almost entirely to a few isolated 
cases of precipitation from waste solutions (43, 91, 93). Little was 
learned regarding precipitation on charcoal during this period. 
Observation during practice and a small amount of experiment 
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elicited the knowledge that gold was precipitated more rapidly and 
in greater amounts than silver (23, 28, 37), and that free cyanide had 
a deleterious effect (14, 35, 38). The charcoal was used in an ineffi- 
cient manner, and undoubtedly was not very active. As precipita- 
tion with zinc shavings improved and became better understood, the 
use of charcoal and the interest in it gradually declined. 

Premature precipitation period.—Interest in charcoal revived 
when the effect of carbonaceous matter in ores began to be discussed. 
It resulted in the first definite experimental work, which was done 
by Morris Green in 1913 (53) and followed shortly by that of W. R. 
Feldtmann (57). These two investigators materially advanced the 
knowledge of charcoal precipitation. A great part of the discus- 
sion which followed these two papers related purely to theories, many 
of which were advanced to explain the facts (58, 63, 66). Most of 
the theories assumed a reduction by some reducing gas in the char- 
coal (usually assumed to be carbon monoxide), although electrical 
action, osmotic pressure, and catalysis were not overlooked. Adsorp- 
tion had been suggested (52, 57, 58, 60), but the action was still 
regarded as not having been explained (56). 

Yuanmi period.— The announcement in 1916 of the use of charcoal 
as a precipitant in place of zinc at the Yuanmi mine gave a new impe- 
tus to discussion and experiment. K. Byron Moore and H. R. Ed- 
mands developed and put in practice a method of precipitation on 
charcoal. They quenched the charcoal while it was red-hot, pulver- 
ized it very fine, and passed the solution through three successive 
charcoal filters (64, 89). The discussion (66, 67, 73, 91) that followed 
this announcement centered mainly about the effect of quenching and 
fine pulverizing. It was still believed that carbon monoxide was in 
some way accountable for the action until A. W. Allen (66), in a 
contribution to the discussion of Edmands’s paper, criticized the 
different theories, and definitely advanced the theory that adsorption 
without chemical change of the alkaline aurocyanide was the proper 
explanation. Allen’s conclusions in this and in subsequent articles 
(67, 93) were generally accepted, as all known facts seemed to bear 
him out. 

Recently (April, 1923), L. B. Williams (98) published further data 
of experiments made at Yuanmi, showing that the sodium in the ash 
from the burned charcoal was far from being sufficient to account for 
the simple adsorption of sodium aurocyanide. The authors of this 
paper confirm Williams’s results, and advance the theory given later 
in this paper. 
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METHOD OF TESTING CHARCOALS FOR PRECIPITATION 


The term “activity test,”’ as used in this paper, is a measure of the 
rate at which charcoal, irrespective of its ultimate capacity, adsorbs 
gold or silver. The rate is measured by the percentage of metal 
precipitated. 

The term ‘‘capacity test’’ is a measure of the capacity of the char- 
coal for the gold or silver, or the load that it is able to take, irrespec- 
tive of the rate at which this load is adsorbed. It is measured in 
ounces of metal per ton of original weight of charcoal. 

The term “‘per cent efficiency,’ in the tables, is used as a convenient 
measure of activity or capacity, 100 per cent efficiency representing 
either a standard charcoal or a standard condition of test. 


NEED OF A STANDARD TEST 


In the early part of the investigation the duplication of charcoal 
precipitation tests with any degree of accuracy proved extremely 
difficult; two apparently similar tests often varied so as to make com- 
parisons impossible. It was obvious, therefore, that standard condi- 
tions of preparing charcoal and a standard method of use must be 
maintained. 

As the amount of charcoal used in a test is important, weighing in 
the dry state is advisable. Use of wet charcoal is a disadvantage be- 
cause accuracy of weight is impossible and the water dilutes the solu- 
tion. Investigation showed that charcoal did not change in weight 
after wetting and drying at 60° C., so that the dry weight, whether 
the charcoal was crushed wet or dry, represented the same amount of 
charcoal. 

CONDITIONS AFFECTING TEST 

Various conditions that affected the tests were considered and the 
following were decided to be necessary: (1) Charcoal to be made from 
the same material; (2) charcoal to be made at a given temperature, 
with a given time of heating and a definite access of air; (3) charcoal 
to be pulverized to a determined fineness; (4) charcoal to be fairly 
freshly made; (5) ratio of charcoal to solution to be a constant; (6) 
gold or silver content of the solution to be fairly constant; (7) solution 
to be free from impurities; (8) time of contact between charcoal and 
solution to be a constant; (9) tests to be made at an approximately 


constant temperature. 
STANDARD TEST 


The standard charcoal and the standard conditions adopted were as 
follows: 

Standard charcoal.— Material, pine wood charred in covered cruci- 
bles; temperature, 900° C.; time, one-half hour after the inflammable 
gases ceased coming off; cooled in the covered crucible; pulverized 
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in a porcelain mortar to pass a 200-mesh sieve; weighed dry after 
drying for several hours at 60° C. 

Standard conditions of test.—The standard conditions selected are 
given in the accompanying table: 


Conditions adopted 


Activity tests Capacity tests 
Gold Silver | Gold Silver 
Volume of solution. ............-.-.----2--. cubic centimeters _- 100 100 | 100 100 
AuKCyi or AgKCy3 to give....- 2-2-2 milligrams. 4) 6 15 § 
Weight of charcoal._.._.._...-.-..-.. seston neces eee do... 200 | 400 | 200 300 
Time Ol -Contactcscsseoe 3s cn dee ses heb dhe hciciuedes hours. - Vy! +2, 48 $8 
Resilts figured tO... occ cress colcccccbeccn becedscueeesczes Per cent precipi- |; Ounces of metal per 
tation. | ton of charcoal. 
AMNANON cede ee sh ole Intermittent but regular. 
Temperature_____..._..-.__--_. Room. 
Solutions to contain___..__.____- No alkalinity or free cyanide. 
CharcOal secu conse ewe eeg Filtered off, washed four times, assayed. 
OMI TONS aes nas ee bd Sale gee Assayed. 


NEED-OF BOTH ACTIVITY AND CAPACITY TESTS 


As the efficiency of a charcoal used as a precipitant for gold 
and silver from cyanide solution depends upon its activity, or rate of 
precipitation, and upon its capacity or ultimate load value, these 
two properties must be measured for correct testing. 

Investigations of activated charcoal for adsorbing gas, made during 
and subsequent to the World War, demonstrated that activity, or 
rate of adsorption, was not also a measure of capacity. The same 
was found to be true in the precipitation of gold and silver. Exam- 
ples are given in Table 1. The figures show that Kelpchar has good 
activity but low capacity, and that Puffed Rice charcoal has low 
activity but good capacity. 


TaBLeE 1.—Capacily and activity comparisons in charcoal 


Activity— Sl a 
precipita- 04 
Charcoal tion (ounces 


(per cent) | per ton) 


Feel pe nar 4 ths en os Oi ee ae ue ea deere teste 90. 9 209 
Re enal Ne eel tiie er eens Be ee eon eee MN at hahiteh hlets ake 3 50. 5 il 
Kelpehar quenched—Au. -............----.------- She eave ie ice, A Oe aan ope ett 100. 0 2 
Kelpchar quenched—Ag_.........-- ciate he cE Mat A EAC, Baia ME telat Ashe aia are a 88.8 ISS 
Pied Ri Cecch aircon Mes 6 sh Seon se eee een Glee euch ebiendiecams 48. 0 1, 212 
Putled Rice charcoal—Ag..__. 2.2... Pcaleahen des ataha sibs a ee eee eae eee 35. 4 ol 
Putfed Rice charcoal quenched—AU__... 0 2.20... 02.2222 eee eee eee eee eee eeee 64.7 1, 402 
Putfed Rice charcoal quenched—Ag.....--- -- Feet nirh rt ee eee ee wee 44.8 035 


Difference between activity and capacity tests.—A 30-minute 
contact for activity tests was decided upon. As adsorption 1s 
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extremely rapid at the beginning, the best measure of activity, or 
rate, can be obtained by allowing a contact of only a few minutes, 
provided the contact be stopped immediately and completely; 
this, however, is not possible because the time of filtration for the 
different tests of a series may vary. The 30-minute contact gives 
more accurate comparisons than a shorter period, for the reason that, 
as the rate is materially slower at the end of the longer period, the 
percentage of error due to filtration-time variations is decreased. 

Forty-eight hours’ contact was decided upon for capacity tests, so 
that equilibrium could be reached; in consequence, more metal was 
necessary in solution than in activity tests. 

In both activity and capacity tests, the amount of gold to charcoal 
was larger than the amount of silver to charcoal. These ratios were so 
chosen because charcoal adsorbs silver more slowly and to a much 
less extent than it adsorbs gold. The important consideration in 
determining solution strength is to be sure that an excess of metal 
is present in order to avoid complete precipitation. 


MANIPULATION OF TESTS 


Capacity tests were made in Erlenmeyer flasks, and activity tests 
in beakers. With some charcoals, a small amount of charcoal depos- 
ited on the glass. When flasks were used they were cleaned out with 
a rubber-tipped ‘‘policeman’’; when beakers were used they were 
cleaned with a small piece of filter paper which was added to the char- 
coal for assay. 

Agitation during tests—The amount of agitation is not important, 
especially in long-time tests, though it proved advisable to maintain 
a certain regularity. With no agitation, activity tests adsorbed 83 
per cent as much as with regular agitation, and capacity tests ad- 
sorbed 96 per cent as much as with regular agitation. 

Temperature during tests.—Temperature, until near the boiling 
point, does not affect the results of the test; an ordinary variation in 
room temperature need not be considered. 

Filtering charcoal.—As some varieties of filter paper allow finely 
divided charcoal to pass through, a paper should be selected that does 
not have this fault. 

The charcoal, when filtered, was washed with distilled water four 
times; the washings were caught with the solution. Although wash 
water removes a small amount of gold or silver from heavily loaded 
charcoal, many tests were made in which the solutions, including the 
wash water, showed no gold or silver, or only a trace, when assayed. 

Assaying charcoal.—The charcoal and filter paper were placed in a 
10-gram crucible, without cover, ignited at low heat in an electric 
muffle furnace, and slowly burned to ash. The residue from the 
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ignition was fluxed with a charge consisting of 15 grams soda ash, 5 
grams silica, 30 grams litharge, and an excess of flour. The lead 
button resulting from the fusion was cupeled and the assay was finished 
in the regular manner. 

Assaying solution.—The solution was precipitated with zinc dust 
and either hydrochloric or sulphuric acid, heated to boiling, and fil- 
tered. The filter paper, with the precipitated metal, was placed in a 
10-gram crucible, carefully burned, fluxed, fused, and finished in the 
same manner as the charcoal. 

The charcoals and solutions of all tests were always assayed, and 
the totals were checked against the metal in the original solution. 
In the accompanying tables the amounts of metal have been omitted 
for all tests in which solutions of equal metal content were used. 


ACTIVITY AND CAPACITY TESTS FOR BOTH GOLD AND SILVER 


In order to make true comparisons, it was at first thought neces- 
sary to make activity and capacity tests for both gold and silver. 
Later, on comparing 27 series of tests, it was found that gold and silver 
activities and gold and silver capacities were fairly comparable; 
from this discovery it was concluded that silver activity tests are a 
measure of the gold activity, and that gold capacity tests are a measure 
of the silver capacity. 

The silver activity test was chosen as the measure of activity, be- 
cause silver, being more slowly adsorbed than gold, does not approach 
a “clean-up” of the solution so quickly. The gold capacity test was 
chosen as the measure of capacity, because higher figures for capacity 
are obtainable with gold, and because the gold assay is more reliable 
than the silver. Greater accuracy would thus be obtained in the 
more important test. 


COMPARABILITY OF TESTS 


A direct comparison of tests made with solutions containing dif- 
ferent amounts of gold or silver can not be correctly made, since 
the precipitation varies with the amount of metal in solution. By 
plotting the amount of precipitation from solutions containing various 
amounts of metal, a curve can be prepared by means of which two 
or more tests can be brought into direct comparison. 


SUMMARY 


Standard conditions for testing charcoal for precipitation are given. 
Either silver or gold solutions can be used to measure activity and 
capacity—silver being used for activity and gold for capacity tests. 


Google 


GOLD AND SILVER FROM CYANIDE SOLUTION ON OHARCOAL 9 


MECHANISM OF PRECIPITATION OF GOLD AND SILVER ON 
CHARCOAL 


This paper presents evidence in favor of the theory of adsorption 
accompanied by a chemical reaction. The differences between 
ordinary metallic precipitates on charcoal and deposition from 
cyanide solution will be briefly discussed to show that the gold and 
silver are not deposited in a metallic condition on the charcoal. 


DIFFERENCES BETWEEN METALLIC PRECIPITATES ON CHARCOAL AND 
DEPOSITION FROM CYANIDE SOLUTIONS 


The main differences between metallic precipitates on charcoal 
‘and deposition from cyanide solution are as follows: The invisibility 
of the deposition from cyanide; the chemical difference between the 
two; the effect of acidity; and the difference on load capacity. Later, 
evidence of yet another difference will be given—that the deposition 
from cyanide is an adsorbed salt, and is therefore not in the metalli 


state. : 
INVISIBILITY OF DEPOSITION FROM CYANIDE 


That metallic gold is visible on charcoal when precipitated from 
chloride solution, and that metallic silver is visible when precipitated 
from nitrate solution are facts long known. The deposition from 
cyanide solution, however, is invisible, a fact noted as to gold by many 
observers (18, 40, 57, 68), although contradicted by others (24, 45, 53). 
In the course of this investigation, in no test was there any precipitate 
seen on any of the many charcoals loaded from gold or silver cyanide, 
even when the charcoals were examined under the microscope. 


CHEMICAL DIFFERENCE OF THE TWO PRECIPITATES 


The difference in the solubility of the metallic precipitates from 
gold chloride or silver nitrate and the gold or silver deposited from 
_ cyanide solutions is evidence of chemical difference. It has been 
noted (44) that gold precipitated on charcoal from chloride solution is 
soluble in aqua regia, bromine, and chlorine water, and that gold 
deposited from cyanide solution is not thus soluble (57). 

At various times a solvent for gold deposited on charcoal from 
cyanide solution has been sought. This search has shown (53, 57, 
66, 98) that sodium sulphide, potassium hydroxide, and a cyanide 
solution are solvents. 

A reference to the results given in Table 33 shows that solvents 
of metallic gold or silver are not necessarily solvents for the same 
metals deposited on charcoal from cyanide solution, whereas many 
other nonsolvents of the metals do dissolve the precipitates from 
cyanide solution to a certain extent. 

The high dissolving power of sodium sulphide for gold deposited 
on charcoal from cyanide solution, and its low dissolving power for 


L320 gle 


10 GOLD AND SILVER FROM CYANIDE SOLUTION ON CHARCOAL 


metallic gold precipitated from chloride solution, are shown in Table 
31. In these experiments pine charcoal was used, which, after load- 
ing, was washed and dried; 250 milligrams of it were agitated 5) 
minutes with 20 cubic centimeters of the sulphide solution. Sodium 
sulphide has no effect whatever in dissolving silver from charcoal, 
whether precipitated from cyanide or nitrate solution. 

When the visible metallic precipitate on charcoal is dissolved by a 
cyanide solution and subsequently deposited in an invisible form, it 
can well be considered that a different precipitate has been formed (57). 
In a series of tests a charcoal was loaded with gold from a chloride 
solution to contain approximately 1,050 ounces per ton; in another 
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PER CENT OF METAL ADSORBED ON CHARCOAL 


%6 10 20 30 40 fe) 60 
MINUTES OF CONTACT BETWEEN LOADED CHARCOAL AND CYANIDE SOLUTION 


FIGURE 1.—Dissolution of metallic gold and silver from charcoal by cyanide, and their subsequent 
adsorption: a, Gold; b, silver 


series the charcoal was loaded with silver from a nitrate solution to 
contain approximately 650 ounces per ton. For each test 200 muilli- 
grams of the loaded charcoals were added to 50 cubic centimeters of 
a 2-pound cyanide solution, agitated intermittently for various peri- 
ods of time, filtered by vacuum, and washed. The results, shown in 
Figure 1 as smooth curves, indicate that adsorption follows the dis- 
solution of the metallic precipitate so rapidly that part of the change 
is practically instantaneous, and that some of the dissolved metal 
never gets outside the pores of the charcoal. As adsorption of silver 
is less rapid than that of gold, the reaction could naturally be followed 
better by using charcoal loaded with silver. 
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EFFECT OF ACIDITY ON CHARCOAL PRECIPITATION 


Table 2 gives the results of several tests which show the retarding 
effect of acids on metallic precipitation and the increased deposition 
due to acidification of the cyanide solution, and confirm the results 
of other investigators (2, 3, 14, 17, 66, 98). Whether or not this 
increased deposition in acidified cyanide solutions is caused by pre- 
cipitation of aurous or argentous cyanide, there is at least no evidence 
that acidifying the cyanide solution retards the precipitation as in 
the metallic precipitations. | 


TABLE 2.—Effect of acidity on the precipitation on charcoal 


ne ee 


Gold Silver 
Precipitation Precipi- | Surface | Precipi- | Surface 
tation tension tution tension 
(per cent)| (dynes) |(per cent)! (dynes) 
Metallic: 
ieee eee se. telat bnte eecat a ncoton aoe aetnanstes an i ee | = gg. of... 
be per cent sulphuric acid. 2.0... 2. ee eee eee .9 1. Lee. ql bnucetweege 
lo per cent nitric acid. . 12.22.2022. ee eee eee eee eee AO lee atime: TOLU leaeigerce aie 
Vy per cent hydrochloric acid. 2.2.2.2... eee 2 lag tous selene sumac Seats arate es 
Cyanide: : 
INBUITERT S gia chee ah eB wns he eos fede cease en oi re 57.4 73. 0 | 52. 1 73.0 
SUIPNUN CCA. ocienc Sa isa ates oot, Sod gi sa a 80. 5 73.5 100. 0 73.5 
Hydrochloric acid !__... 22222222222 eee 79.6 73.3 100. 0 73.5 


1 Solution made barely acid. 


DIFFERENCE IN CAPACITY 


Many observers (14, 32, 53, 55, 57, 63) have noted an apparent 
limit to the capacity of charcoal for gold deposited from cyanide 
solution, although there seems to be no similar limit for metallic 
precipitation (44). In the Bureau of Mines tests these observations 
were verified for both gold and silver. A load of 16,700 ounces gold 
per ton was obtained from a chloride solution, and a load of 3,700 
ounces silver per ton from a nitrate solution, both metals being plainly 
visible as metallic precipitates. From cyanide solutions, the limit 
of load on pine charcoal was about 2,000 ounces gold and 1,000 


ounces silver per ton. 
ADSORPTION 


A summary of the main characteristics of adsorption (8, 10, 31, 39, 
47, 48, 52, 69, 71, 81, 82, 84, 85, 90, 93, 95, 99, 101) from solution 
follows: 

1. Adsorption approaches an equilibrium; that is, in a given solu- 
tion after equilibrium is reached, a certain amount will have been 
adsorbed on a given adsorbent, and a certain amount will still remain 
in solution. 

2. Adsorption is very rapid; disadsorption is less rapid than 
adsorption. | 
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3. Although the effect of temperature is small, adsorption is greater 
at low temperatures and equilibrium is reached more slowly. 

4. Increased pressure gives greater adsorption. 

5. The proportion adsorbed from a weak solution is greater than 
that from a strong solution, although a greater amount is adsorbed 
from a stronger solution. 

6. Adsorption is proportional to the surface of the adsorbent. 

7. The present theory of adsorption is that the surface of the adsorb- 
ent is covered with a layer of the adsorbed substance not more 
than one molecule in depth; that is, the layer is monomolecular. 

8. There is a maximum adsorption, beyond which increased concen- 
tration of solution does not increase the adsorption. 

9. Adsorption and the rapidity with which equilibrium is reached 
depend upon the kind and condition of the adsorbent. 

10. Substances that lower the surface tension of the solution tend 
to adsorb more strongly. 

11. Adsorption is proportional to the equivalent or atomic weight 
of the adsorbed substance. 

12. Acids greatly increase the adsorption of anions of neutral 
salts. 

13. An adsorbable substance has the power to replace another 
adsorbed substance. 

14. From a mixture of substances in solution, less of either sub- 
stance is adsorbed than from a solution of one of the substances. 

15. If the ratio of the amount of substance adsorbed, z, to the 
amount of the adsorbent, m, is plotted against the concentration of the 
solution at equilibrium, c, the curve is parabolic in the case of true 
adsorption, and is expressed by the equation x/m =ac., in which a and 
n are constants. By equating the logarithms of both sides, the equa- 
tion becomes that of a straight line. If, therefore, the logarithms of 
these two variables (z/m and c) are plotted, a straight line will result 
if true adsorption has taken place. The straight-line isotherm will 
not.be obtained in adsorption from solutions of strongly dissociated 
substances and of substances that form hydroxyls. 


EQUILIBRIUM POINT 


In adsorption the equilibrium point is usually, though not alwavs, 
reached very rapidly. Tests made with pine charcoal showed that 
the greater part of the adsorption was rapid and was followed by a 
lag which probably was due to the time necessary for the solution to 
enter the less exposed pores. Results of a number of tests indicate 
that the equilibrium point for gold and silver usually is not reached 
in 24 hours. This is shown by the results of the tests given in 
Table 3. In these tests, 250 milligrams of pine charcoal were used 
with 100 cubic centimeters of gold or silver solution contaming 2 
pounds of free cyanide and 1 pound of lime per ton. 
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EFFECT OF TEMPERATURE 


The effect of temperature on adsorption from solution is small, 
although it is generally admitted that increasing the temperature 
causes a smaller adsorption. Tests made at room temperature and at 
80° C. showed that activity was 9 per cent greater and capacity 
18.6 per cent smaller with heated solutions. 

That a considerably lower capacity would be obtained with heated 
solutions would be expected because of the solubility of the adsorbed 
salts in hot water. The activity tests, as they still were far from 
equilibrium, may not be subject to the solvent action of hot water. 


TABLE 3.—Loading pine charcoal with gold or silver with varying time of contact 


Gold— | Silver- 
load load 
(ounces | (ounces 
per ton) | per ton) 


a a hr SPS PSSST SA ht a 


Contact (hours): 


scents faint cts lata tein taresTerscl cdi escheat te pain Ne ata aS 8 oh tad OB Lat a Rt caste Nolet eh ons 8 Bly tN Zhu 8d cheat 729 4 
Bara Nee tact he hte aaa aha gt AE See teh eae sale EMeea ee tag au tts haart Sontag dh Pa oe 840 414 
OA en ae aoe Gate has eg hl cine See aR PEt a eye alee eed ph eeiatinagsad a cohese Aeas ae | 1,050 513 
ES i sr Se asim yee ue Sey eM as Se end Mig ta Sek en ag ee cy te yee ee 1, 107 5e§ 


EFFECT OF PRESSURE 


No adsorption tests were made in which increased pressure was 
used. If increased pressure assists adsorption, a somewhat lower 
adsorption would be expected when precipitating on charcoal under 
vacuum—a deduction borne out in the precipitation results given in 


Table 4. 


TaBLE 4.—Precipitation under vacuum and at atmospheric pressure 


Atmosphcric pres- 


Under vacuum | eure 


Load Precipi- | Load Precipi- 
(ounces tation (ounces tation 
per ton) |(per cent)! per ton) ;(per cent) 


Gold Veco wick eacctatente Scstee eemaet Eatin’ fe cceite Sted stale con etnies | 793 64.0 | 888 73.1 
Silper de contest whe kee whack hook eee oe 284 30.8 | 347 39. 1 
ed. Bn A nha Bo ee GN aE SOO tle Aah Ns dee vate D gttc tied Cay Oe | Leh Byte Uo Seach ee QO 3 i koe re ane 
ae Sek eM De ten Os oye aes a eee is etc ee ot eat cs Ss ee on ay a Rapa mr a 99. 
Silver 2__ 3.0 os 90.0 
DG hee i ah ee ee eee 85.40. 91.4 


1 Two hundred and fifty milligrams charcoal, 2 pounds free cyanide; continuous vacuum, charcoal heated 
red-hot 10 miputes, cooled, added to the solution, und given a 24-hour contact. 

1 Five hundred milligrams charcoal, 2 pounds free cyanide; continuous vacuum, charcoal not heated; 
contact time, 10 minutes. 


ADSORPTION FROM SOLUTIONS OF DIFFERENT STRENGTHS 


That a greater percentage but a smaller amount is adsorbed from a 
weak than from a strong solution is shown clearly by the results of a 
series of tests given in Table 5. In these tests, 250 milligrams of 
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charcoal were given a 24-hour contact with 100 cubic centimeters of a 
2-pound cyanide solution containing 1 pound of lime per ton and 
varying amounts of gold or silver. 


TABLE 5.—Adsorption of gold and silver on charcoal from cyanide with varying 
values of solution 


Gold Silver 
Milligrams gold in— Precipi-| yond Milligrams silver in— | Precipi-| pond 
eee eens ae (ounces tation | (ounces 


aon : | (per 
Charcoal] Solution| Total | cent) | Pe 2) Icharcoal Solution! Total cent) | Per 2: 


me ett fer fe | NE | | TT 


8. 86 5. &9 14. 75 60. 1 1, 034 3. 89 16. 77 20. 66 18. 8 454 
9. 97 11.37 21. 34 46.7 1, 163 4.11 21. 57 25. 68 16.0 479 
10. 75 16. 67 27.42 39. 2 1, 254 4. 65 32. BS 37. 53 12.4 2 
11. 30 19. 86 31. 16 36. 3 1, 318 4. 93 41.19 46. 12 10. 7 O75 
11. 54 26. 00 37. 54 30. 7 1, 346 5. 07 46. 14 51. 21 9. 9 501 


That adsorption decreases in dilute solutions, even with a constant 
ratio of metal to charcoal, is shown by Table 6, which gives the 
results of a series of tests in which the total amount of gold or silver 
was kept a constant in varying amounts of solution. These solutions 
were given a 48-hour contact with 250 milligrams of pine charcoal, 
then filtered and washed. 


TaBLE 6.—Adsorption of gold and silver on charcoal from cyanide with varying 


dilutions 
Gold Silver 
Volume of solution Milligrams gold in— ee Milligrams silver in— ae | 
(c. ¢c.) Precipi- Load Precipi-: 
SS tation _——_—_—_—_—__—_——| tation | 


Char- | Solu- (per per ton)| Char- | Solu- (per er ton) 
coal tion Total | cent) coal tion Total o 


ee Ne ee ed 


Pl aes rata Meranicie eee 12,02 | 1219] 24.21 5. 99 5.98 | 11.97 50. 699 
WOO sore a esaes 10.7 13.07 | 23. 85 5. 87 6.07 | 11.94 49.2 6S 
NNO cael iips otha as 10.18 | 13.45 |] 23.64 5. 73 G16 | 11.89 48.2 66S 
| | epee a we eae ee 10.07 | 14.02 | 24. 09 5. 25 658 | 11.83 44.4 612 


25 anes -eee-| 879] 14.39] 24.18 


Another proof of decreased adsorption with a more dilute solution 
was obtained indirectly. Two solutions of gold cyanide were given 
identical treatment with charcoal for 20 days. One solution, showing 
54 per cent precipitation with a load of 842 ounces per ton, was then 
stopped; the other was diluted with water to five times its original 
volume and given an additional 6 days of contact, which lowered the 
precipitation to 46.1 per cent and the load to 705 ounces. 


ADSORPTION PROPORTIONAL TO SURFACE 


That adsorption is proportional to the surface of the adsorbent is 
difficult to demonstrate with charcoal because the amount of surface 
exposed can not be definitely ascertained. However, as more surface 
is made available for precipitation by pulverizing the charcoal and 
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the precipitating power is thereby increased, this may be considered 
as a proof that adsorption is proportional to surface. 

Pine charcoal has a cellular structure, and the cell partitions have 
an average thickness of about 0.000005 millimeter. The breaking 
of these partitions in pulverization gives much less new surface than 
would result from the pulverization of solids. Pine charcoal has a 
surface of about 230 square meters per gram; it can be easily shown 
that the new surface exposed by increased pulverization is extremely 
small in comparison with the surface already existing. 

If the new outer surface obtained by pulverization is assumed to 
take on a certain load per unit area, the plotting of the results will 
give a straight line. Plotting the actual increase obtained on char- 
coal of different mesh, as in Table 24, gives a distinct curve; this indi- 
cates that increased adsorption with finer pulverization is due mainly 
to the opening of pores previously inaccessible to the solution. 


MONOMOLECULAR THEORY 


When true adsorption takes place, the layer of adsorbed material 
on the surface of the adsorbent will not be more than one molecule 
deep. This monomolecular theory was advanced by Langmuir (71), 
whose experiments on gas adsorption proved that in true adsorption 
the adsorbed film did not exceed one molecule in thickness. 

To determine the amount of gold or silver that charcoal can adsorb 
if the entire surface be covered with a monomolecular layer, it is 
necessary that the surface of a given amount of charcoal be known. 
The figures given by different investigators (76, 81, 83, 86, 100) 
range from 1,000 square meters per cubic centimeter of charcoal to 
131 square meters per gram; this variation is due partly to the dif- 
ferent charcoals used, and partly to the fact that the figures are only 
approximate. 

Lowry and Hulett (86) gave the calculated surfaces for four char- 
coals of different densities, as follows: 


Lowry’s and Hulett’s figures on surface and densities 


Calculated area in 


Density square meters 

P ty 

Appar- er cubic 
True ent gram centi- 


meter 


A 909, coconut charcoal (steam activated). ......2..20..22-220-. 1. 84 

Nela, mixture of coconut charcoals (steam activated)... 22. 1. 89 : ‘ 

English, birch-wood charcoal (made in gas retort). .....---.--- 1. 86 13 300 40 
rman, wood charcoal (zinc chloride activated).............-- 1.70 , 


Pine charcoal was determined by the tests to have a true density 


of 1.737 and an apparent density of 0.123. This apparent density 
was that of a piece of charcoal having a volume of 3 cubic centimeters. 
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The pores in charcoal differ in size, but with pulverization the larger 
pores disappear. As the size of charcoal particles diminishes the pore 
space decreases and the apparent density increases. Apparent den- 
sity, therefore, is meaningless unless the size of the charcoal particles 
is known. It is assumed that the surface area of pine charcoal lies 
between that of the English and German charcoals and measures 
230 square meters per gram. 

The amount of substance adsorbed upon a surface depends on the 
molecular weight and the density of the substance. It is assumed 
that the adsorbed salt was potassium aurocyanide or potassium ar- 
gentocyanide. The density of these salts was found to be 3.84 and 
3.57, respectively. 

M=molecular weight of adsorbed substance. 
G=density of adsorbed substance. 


M e s 
Big B= Weight of one molecule of adsorbed salt, in grams. 
M ; 
Gx6xX10 2 volume of one molecule of adsorbed salt, in cubic centi- 


meters. 


On the assumption that one molecule occupies a surface equal to 
the square of its diameter, then for 1 gram of pine charcoal the weight 
in milligrams of a monomolecular layer of adsorbed salt is 26.2 
«/ MG’; therefore 1 gram of pine charcoal, if the entire surface were 
covered with a monomolecular layer of adsorbed salt, would contain 
442 milligrams of potassium aurocyanide, equivalent to a load of 
8,800 ounces of gold per ton of charcoal, or 372 milligrams of potas- 
sium argentocyanide, equivalent to a load of 5,880 ounces of silver per 
ton of charcoal. This is at the ratio of 66.7 per cent silver to 100 per 
cent gold, which is somewhat higher than was usually obtained. From 
these figures it appears that, with the maximum loads obtained in 
charcoal adsorption, only about 23 per cent of the surface is covered 
in gold precipitation and only about 17 per cent in silver precipitation. 


KIND AND CONDITION OF ADSORBENT 


That adsorption depends on the kind and condition of the adsorbent 
seems axiomatic. Differences in adsorption due to these two causes 
have been noted and commented on (4, 22, 25, 42, 45, 61, 62, 63, 66, 68, 
80, 87, 94, 98). In fact, the large amount of work on the activation 
of charcoals and the production of industrial charcoals (74, 75, 76, 79, 
87, 88, 92, 100, 101) is a recognition that the condition of the charcoal 
is of vital importance to its adsorptive power. The present investiga- 
tion demonstrated that different kinds of charcoals or carbons differ 
greatly in precipitating power and that the condition of the charcoal 
has a remarkable bearing on its action. A reference to the tables— 
especially Tables 13, 14, 15, 17, 18, 20, 22, 23, 26, 27—shows the 
difference due to these two causes. 
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ADSORPTION 17 
EFFECT OF SURFACE TENSION ON ADSORPTION 


The surface tension of the solution has generally been assumed to 
have an effect on the adsorption of gold from cyanide solution (60, 66, 
67,91). The effect of a change in the surface tension of the solution 
on the adsorption of gold and silver on charcoal, when this change is 
brought about by the addition of chemicals, is difficult to determine 
because chemical action may take place. 

An attempt was made to determine whether a change in the surface 
tension of the solution had any direct bearing on the adsorption of 
gold or silver salts on charcoal. The surface tension of solvents for 
the adsorbed salts was noted, as well as the surface tension of solutions 
in the precipitation of gold and silver. 

Surface tension of solutions used in dissolving adsorbed gold or 
silver salts.—The surface tensions of some of the solutions used in 
studying the solubility of the adsorbed gold or silver salt were meas- 
ured. These figures appear in Tables 31, 33, 34, 35, and 37. A 
study of these results shows that increased dissolving accompanies a 
decrease in surface tension with ethyl alcohol, ammonium hydroxide, 
or hot water, and that the reverse is true with potassium cyanide, 
sodium hydroxide, or sodium sulphide. The results, in general, 
do not indicate that the dissolving power of solutions depends on a 
change in surface tension. 

Surface tension of solutions in precipitation of gold and silver.— 
Measurements of surface tensions of some of the solutions used were 
made to determine the effect of impurities in the solutions. 
Tables 2, 28, and 29 show that although the added agent may 
greatly change the activity and capacity of the charcoal, this effect 
can not be attributed to a change in surface tension, as this is virtually 
the same for all of the solutions. 


ADSORPTION EQUIVALENT TO MOLECULAR OR ATOMIC WEIGHT 


That charcoal has greater power to precipitate gold than to pre- 
cipitate silver from cyanide solutions has been noted (23, 28, 35, 37, 
49, 50, 66, 77). 

There seems to be a definite relation in the capacity of charcoal 
for gold and silver adsorbed at equilibrium. If this relation were 
in direct proportion to the atomic weights of gold and silver the 
capacity for silver would be 54.7 per cent of that for gold. According 
to the monomolecular theory, however, the adsorption depends on 
the specific gravity of the compound adsorbed as well as on the 
molecular weight; therefore the actual ratio computed on the basis 
of the adsorption of the alkali aurocyanide or argentocyanide would 
be 66.7 per cent silver compared to gold. The theoretical ratio 
is not easily reached when both gold and silver are present in solution. 
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When, however, two tests are made—one with alkali aurocyanide 
and one with alkali argentocyanide—if the solutions contain the metals 
in proportion to the theoretical ratio, and if sufficient time of contact 
between the solution and the charcoals is allowed for the solution to 
reach equilibrium, the theoretical ratio is obtained. 


EFFECT OF ACIDS IN SOLUTIONS 


A number of tests made to compare the adsorptive power of char- 
coal for gold and silver in acid, neutral, and alkaline cyanide solutions 
always confirmed the reports that precipitation was greater in acid 
solutions and less in alkaline solutions (14, 17, 35, 66, 68, 93, 98). 
Table 2 presents some of the results. 

The fact that aurous or argentous cyanide is precipitated upon the 
acidification of a solution of alkaline aurocyanide or argentocyanide 
suggests that in acidification some aurous cyanide or argentous cyanide 
is precipitated, remains with the charcoal when filtered, and is not 
actually adsorbed. To obtain evidence of this fact the following 
test was made: A neutral potassium aurocyanide solution was divided 
into two equal portions; one was left neutral, the other was acidified 
with sulphuric acid, equivalent to 5 pounds of acid per ton of solution. 
Each portion was given a 48-hour contact with 0.5 gram of 200-mesh 
charcoal. The charcoals were filtered off, washed, dried, and 200 
milligrams of each were given a 24-hour contact with 20 cubic centi- 
meters of 1 per cent potassium cyanide solution; they were again 
filtered and washed. In the accompanying table the assays have been 
converted to a basis of 0.5 gram charcoal for simplicity in comparison. 


Comparison of assays of neutral and acid solutions 


Milligrams gold in— | Precipi- 
tated or 
] dissolved | Senta 
Charcoal | Solution , Total [(per cent) 
cee I ath ne ee es 
t 
Precipitation from acid solution ...-......--.-----..- 47. 94 0.03! 47.97 99. 9 2,1 
Precipitation from neutral solution.............-..-. 34, 22 13.52 47.7 71.7 1, 9% 
Excess precipitation from acid............-..-- | | ar by ee Ae [isk O apctad's seta h had cca here anak acne 
Extraction from acid-loaded charcoal. .......22--- ae 27.57 | 20. 37 | 47. 94 Va eer 
Extraction from neutral-loaded chareoal.. 2 22 -- Bek 73.45 10. 77 | 34, 22 31.5 f. 
Excess dissolved from acid-loaded charcoal... _- | emotions 9. 60 | hotest ae ep Aca esa Rae andas 
1 i 


Evidently the precipitation from the acid solution was much 
greater than that from the neutral solution, but 70 per cent of this 
excess was soluble in the cyanide over and above that naturally 
disadsorbed. The inference is that a large part or possibly all of 
the excess precipitation obtained from an acidified cyanide solution 
is not an adsorbed salt, but is a precipitate of the single cyanide. 
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When a similar test is made with the alkali argentocyanide, the 
precipitation of the argentous cyanide takes place at once, and is 
visible evidence that the precipitation is not all adsorption. 

Results demonstrating that hydroxides lower the adsorption of 
gold and silver, but not until a certain amount is present, appear in 
Table 30. 

A possible explanation of the effect of acids or hydroxides lies in 
the probability that the gold or silver double salt is ionized, and the 
negative ions (AuCy or AgCy) are attracted to the positive charcoal 
in acid solutions but are not attracted to the negative charcoal in 
alkaline solutions. Several authors (35, 48, 55, 85) have pointed out 
that acid or alkali solutions cause charcoal to change its sign. 


REPLACEABILITY OF TWO ADSORBABLE SUBSTANCES . 


The monomolecular theory of adsorption leads to the deduction 
that two adsorbable substances replace each other, and that when 
present together less of either is adsorbed than when one is present 
alone. A given surface of adsorbent has a definite capacity for 
adsorbed molecules; therefore, one substance is adsorbed at the 
expense of the other substance. Not only is this true when both 
substances are in solution together, but if subsequently a second 
substance is given an opportunity to be adsorbed, it actually forces 
out the first substance by disadsorption. This fact is shown experi- 
mentally in the results of the tests given in Table 7. In these tests 
each solution, consisting of 100 cubic centimeters, was taken from a 
stock gold solution and a stock silver solution; these stock solutions 
were neutral and contained no free cyanide. In each test, 200 milli- 
grams of 200-mesh pine charcoal were given a 48-hour contact period, 
as noted. 

The tests indicate that gold equilibrium is represented by a load 
of 1,221 ounces (as in treatment 1), and silver equilibrium by a load 
of 588 (as in treatment 3). However, if gold and silver are both 
present in the solution from the start, the equilibrium is expressed 
by 1,034 ounces gold and 185 ounces silver (as in treatment 5). 
These loads show that silver may displace 15.3 per cent of the gold, 
and that gold may displace 68.5 per cent of the silver. Virtually 
the same displacement figures are obtained if the silver solution is 
added (as in treatment 2) after the gold equilibrium has been reached, 
and also if the gold solution is added (as in treatment 4) after the 
silver equilibrium has been reached. 
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TABLE 7.—Gold displacement by silver and silver displacement by gold 
ss i ee 


Gold Silver 
Nees Snes, a eee Pe 

No. Treatment - Milligrams gold in— Load Milligrams silver in— | Lead 
(ounces|————-———_— (ounce: 

Char- | Solu- Per | Char- | Solu- |) Bee 

coal tion Total ton) voal tion Total ton) 
endl LERLEIE. DEAREST ERES ee EST SIR OEEES, REL AMES (Je EO een ree eae 
Au solution only, 48 hours......| &, 37 2.64] 11.01 |e 2 4 I (eg See Oe is (PRE NS IEE 

Au solution, 48 hours, then ad- 

ded Ag solution, 48 hours.....| 7.35] 3.65{ 11.00] 1,070 121 477 00 twa 


LOGARITHM OF RATIO OF METAL ADSORBED TO CHARCOAL 


O————=9 Gold 
Fenn XX Silver 


FIGURE 2.—Adsorption of gold and silver on charcoal from cyanide under different conditions: 
a, Varying amounts of charcoal; 6, varying gold and silver; c, varying dilutions 


STRAIGHT-LINE ADSORPTION ISOTHERM 


Perhaps the best proof of adsorption is the straight-line adsorption 
isotherm brought out by Freundlich (39). In low-grade solutions 
where a virtual clean-up of the solution takes place, the straight-line 
isotherm can not be obtained because at equilibrium the amount of 
metal left in solution is too small for determination. With solutions 
containing enough metal in proportion to the charcoal to allow a 
determinable amount to be left in solution at equilibrium, the adsorp- 
tion isotherm can be obtained in several different ways. 

In this investigation the straight-line isotherm was obtained with 
different amounts of charcoal, with different solution values, and 
with different degrees of dilution, as well as by disadsorption with 
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hot water, cyanide solutions, and sodium hydroxide. Characteristic 
tests and their straight-line isotherms are given herewith for both 
gold and silver. 

Isotherm with varying amounts of charcoal.—In the series with 
different amounts of charcoal there were six tests for gold and six for 
silver. Each solution, measuring 100 cubic centimeters, was taken 
from a stock solution and given a 24-hour contact with pine charcoal; 
it was then filtered and washed. Table 8 gives the data from which 
isotherms a in Figure 2 were obtained. 


TABLE 8.—Adsorption of gold and silver on charcoal with different amounts of 


charcoa: 
Gold | Silver 
Charcoal (grams) Milligrams gold in— Milligrams silver in— 
(Charcoal eee ern penis Solution Total | Charcoal | Solution Total 
Ones ds oh ees As ood tae of ee : 5. 65 30. 1 35. 76 1.3 14. 12 18. 75 
20. oe hecdd ees Boye eMeaxeele 2348 me aac ins icc 8 cols : 10. 87 24 34. 96 3. 19 12. 56 15.75 
BE ae he et a eect ht Deine SS tote Meerssacd - 15. 26 20. 28 $5. 54 4. 66 11. 06 15. 72 
ie eh EEO Is co Meagan tc ote SiMe gs Sar isthe See 19. 53 16. 10 35, 63 6. 11 9. 38 15. 49 
On at ge ee a a ots er de 22. 43 2.62 35. 05 7. 28 §. 33 15. 61 
TM ok yee eee ie NS OE oe ede 20. OF | 7 35. 37 8. 61 7.20 14. 8&8 


Isotherm with varying solution values.—Table 5 gives the results 
of aseries of tests, five on gold and five on silver, made with a fixed 
amount of charcoal, but with differing values of solutions; isotherms 
6 in Figure 2 were obtained from this series. 

Isotherm with varying dilutions.—Table 6 gives the results of a 
series of tests, five on gold and four on silver, with a fixed amount 
of charcoal and a fixed total amount of metal in solution, but with 
different dilutions. These tests gave isotherms c in Figure 2. 

In all of these isothermal curves the points for gold and silver fall 
very close to a straight line; the small deviations from the straight 
line are within experimental error. Only one point for the silver 
isotherm (c) was not well established. 

Isotherm from disadsorption.—Efforts to obtain straight-line dis- 
adsorption isotherms were fairly satisfactory, especially with gold. 
As disadsorption depends on the establishing of a new equilibrium, 
this new equilibrium may be considered as an adsorption equilibrium 
under new conditions. It is possible that the dissolving of the 
adsorbed salt by means of a chemical solution may bring in a factor 
other than simple disadsorption. With hot water, however, the 
action is probably a simple dissolving effect and, if equilibrium is 
reached, a straight-line isotherm should result. 

A series of charcoals loaded with different amounts of gold or 
silver were prepared; 1 gram of each was given a 2-hour contact with 
80 cubic centimeters of boiling water, and then filtered. The results 
appear in Table 9, and give the isotherms a in Figure 3. 
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The straight-line isotherm for disadsorption was also obtained by 
dissolving the adsorbed salts with cyanide. A series of tests with 
250 milligrams of loaded charcoal in contact for 2 hours with 20 cubic 
centimeters of varying strengths of cyanide solution gave the results 
in Table 9, from which the isotherms 6 in Figure 3 were obtained. 

Disadsorption tests were also made by dissolving the adsorbed 
salts with hot cyanide solutions. In this series, 200 milligrams of 
loaded charcoal were in contact with 20 cubic centimeters of boiling 
solution for 1 hour. The results are shown in Table 9, and give the 
isotherms c in Figure 3. 

Disadsorption tests were also made by dissolving the adsorbed 
salts with sodium hydroxide. Four series of tests were made in 
which 250 milligrams of loaded charcoal were given different pernods 
of contact with 20 cubic centimeters of hydroxide solution. The 
average of the four tests appears in Table 9, from which the isotherms 
d in Figure 3 were obtained. 


TaBLE 9.—Disadsorption of gold and silver from charcoal by means of various agents 
BOILING WATER, VARYING METAL CONTENTS 


Gold Sil ver 
Milligrams gold in— Milligrams silver in— 


Charcoal Solution | Total | Charcoal | Solution Total 


a, a  , ne ee 


32. 00 12. 44. 50 17. 37 5. 08 22. 40 
18. 17 4. 03 22. 20 9. 22 1. 82 11. 04 
14 64 2. 30 16. 94 6. 04 1. 24 8. 18 
10. 40 7 11.18 3. 63 29 3. 92 
5. 42 19 OsGl ‘(essceeoses|soreese les Sie uee est 


a 


| 
Gold Silver 


Solution strength (KCy, per cent) Milligrams gold in— Milligrams silver in— 


—Z 


Charcoal] | Solution Total | Charcoal { Solution | Total 


a fr a | et | ee 


Pc ascas ces fac o ts ute secere ete ees S 5. 30 0. 61 5.91 3. 10 1.77 4.87 
DA a port aheed cheatin he et A curt Se Rhee cae tdna® 5.17 7] 5, 88 2. 40 220 4d 
Bi na Soci fi wha Bes oii a de Gans aaa Se ag 5.02 . 80 5. 82 2 20 22 4.42 
| CON | Sete eee SE eee Rene aA ae 4.4] 1.35 5.76 1. 21 3.19 4.4) 
DSO ical esbeucien ae oth eee tarde, bureo dee ata. aes 4.39 1. 49 5. 88 . 57 4.16 473 
| 
HOT CYANIDE SOLUTIONS 
Ae | Lea Ont a ETS 1. 80 3. 56 5, 36 0. 36 2 21 257 
Bic sas cbast te, olds Eeteede aetna oa eed 1.73 3. 59 5. 32 32 225 257 
WG. eos ae ete heh eh aka oe a aie 1. 42 3. 5. 40 17 2. 30 2% 
SODIUM HYDROXIDE SOLUTIONS 
De assets doch ose ttt wiacactte) aap Get ge hed 3.70 0. 26 3. 96 L. 665 0, 175 1.34 
BE hor eo ahha Pe ota Se ener cb AG 3. 585 .37 3. 955 1. 625 . 225 1.85 
NEO 252 cag een ins So ASe Ace ek Sane Merrage ee 3. 40 . 595 3. 995 1. 525 375 1.98 


1 Solution strength (NaOH, per cent), 
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All of the disadsorption isotherms, especially those for gold in 
Figure 3, closely approximate a straight line, and thus show that the 
adsorption equilibrium of the gold or silver salt adsorbed on charcoal 
may be reached from either side. 

The results obtained by dissolving from charcoal the adsorbed gold 
or silver salt with different strengths of ethyl alcohol and different 
strengths of ammonia (Table 34) did not give the straight-line 
isotherms. 

Dissolving the adsorbed gold salt from charcoal by sodium sulphide 
always gave distinct curves for the disadsorption isotherms. In- 
creased time of contact had no tendency to flatten the curve, possibly 
because the dissolving of the gold by means of sulphide is not a simple 
disadsorption. 
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Figure 3.—Disadsorption of gold and silver from charcoal with various solvents: a, Boiling 
water as Solvent; 6, cyanide solution as solvent; c, hot cyanide solution as solvent; d, sodium 
hydroxide solution as solvent 


CHEMICAL ACTION IN CHARCOAL PRECIPITATION FROM CYANIDE 


Carbon monoxide theory.—Formerly the chemical theories regard- 
ing charcoal precipitation from cyanide solutions required a reducing 
gas, especially carbon monoxide (16, 22, 32, 40, 42, 51, 53, 57, 58, 
61, 63, 66), but more recently, as a result of direct experiment and 
deduction, observers (66, 67, 70, 77, 91, 93, 98) have generally 
rejected the idea. 

The modern theory of the activation of charcoal, which has been 
well demonstrated, is that oxidation is necessary at a temperature 
high enough to decompose and drive off the inactive hydrocarbons 
that coat the charcoal surface. That charcoal thus activated is a 
better precipitant than unactivated charcoal is evidence that a 
reducing gas is not necessary or responsible for the chemical action. 
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If a chemical change took place during the precipitation, resulting 
in the formation of either aurous or argentous cyanide, it would be 
expected that in the decomposition of the double salt, free cyanide 
or hydroxide would be liberated. However, no free cyanide was 
detected in the solution after the precipitation of either gold or silver 
alkaline cyanide, and only occasionally were small amounts of hy- 
droxide detected. These small amounts of hydroxide were attmb- 
uted to the charcoal itself, as the pine charcoal treated with distilled 
water gave an alkaline solution. 

Simple adsorption of the salt considered.—F rom the evidence that 
the mechanism was an adsorption, it was at first thought, in agree- 
ment with Allen, that simple adsorption of the gold or silver salt took 
place without chemical change. There were two reasons for this 
belief: (1) The color reaction obtained on heating a loaded gold 
charcoal; (2) the salt extracted with hot water from a charcoal 
loaded with gold or silver was a double salt. 

(1) An alkaline aurocyanide when gradually heated passes through 
a range of colors—pink, then red, then a deep brownish or purplish 
red, and finally metallic gold. Pine charcoal loaded from a gold 
cyanide solution upon gradual heating passes through this identical 
range of colors—a fact previously noted (68). Aurous cyanide, on the 
contrary, becomes green when heated, then changes to brown and 
finally to metallic gold. Unfortunately, the silver salts do not 
show distinctive colors. 

The hot-water extractions from a gold-loaded charcoal, after 
evaporation and heating, pass through the range of colors obtained 
by heating the alkaline aurocyanide. 

(2) The hot-water extractions give the characteristic precipitates 
of aurous or argentous cyanides upon acidification with hydro- 
chloric acid, and hydrocyanic acid is liberated. The cyanide 1s 
identified in the double salts from this extraction by means of acidi- 
fication, and also as a product in the precipitation of the metals on 
aluminum. 

The assumption from this evidence that the action is a simple 
adsorption of the double salt without change naturally implies that 
if a pure solution of gold or silver double salt were adsorbed on char- 
coal, the solution remaining would be entirely free from salts if the 
adsorption were complete and none of the ingredients of the char- 
coal ash was dissolved. A number of tests were made to verify 
this assumption. The first tests were with pine charcoal and impure 
gold and silver salts. In every test, the amount of residue obtained 
from the solutions was more than could be accounted for by the 
impurities. As this residue contained no free cyanide and only a 
negligible amount of hydroxide, the first supposition was that the 
excess came from the ash in the charcoal, for there was more than 
enough ash to account for this, 
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Tests were made with pure salts and with sugar charcoal that had 
been washed with hot water and dried. This charcoal contained 
0.25 per cent ash. In the tests, 5 grams of the charcoal were given 
a 48-hour contact with 200 cubic centimeters of solution containing 
in one test 151.20 milligrams AuKCy, of 96.7 per cent purity, and 
in the other 110.70 milligrams AgKCy, of 100 per cent purity. 
None of the solutions contained free cyanide. A blank charge of 
5 grams of charcoal with 200 cubic centimeters of distilled water 
was also carried through. The solution from the gold precipitation 
contained 5 milligrams of potassium hydroxide; from the silver pre- 
cipitation 8 milligrams; and from the blank charge no hydroxide. 
The solutions were evaporated and the residues weighed. The 
results, which appear in Table 10, show the solution contained ao 
large excess of residue which could not be attributed to ash in the 
charcoal. The necessary conclusion was that some chemical action 
had taken place. 


TABLE 10.—Residue in solution after precipitation on sugar charcoal 


| 
- Gold | Silver 
| 


Total residue from solution. .........-.. ... ---...----.-------2-0-0- eee milligrams. | 43. 61 35. 72 
Correction, residue obtained from blank charge. .........--...---------------- do... 1. 67 1. 67 
41. 94 34. 05 

Correction due to impurity in salt........-...2-2--2 2022.2 eee ee ee eee _.do_... 4.99 . 00 
; 36. 95 34. 05 

Correction due to metal not precipitated............-...-...-- BAM gaiclide tiuptenan 2 do.... . 03 .33 
Unaccounted salt left in solution.........-.. -.22222 222. 2 eee eee do... 36. ¥2 33. 72 


CHEMICAL ACTION ACCOMPANYING ADSORPTION 


Investigation showed that the solution after adsorption consisted 
almost entirely of a bicarbonate, and that the alkali metal from the 
alkaline gold or silver cyanide remained in solution. This finding 
confirmed Williams’s observation (98) that the sodium necessary for 
simple adsorption of NaAuCy, was not found in the charcoal ash. 
The evidence was, however, that the adsorbed salt on pine charcoal 
was a double gold or silver cyanide. A number of analyses of solu- 
tions and charcoals finally led to the theory that is herein advanced 
as a hypothesis of the mechanism of the precipitation, a theory 
which seems to be in accord with the results obtained. 


THEORY OF THE MECHANISM 


In the following explanation of this theory, ‘‘potassium auro- 
cyanide”’ is used as a type for any alkaline gold or silver cyanide. 
The evidence upon which the theory is based is this: A double salt 
is adsorbed; a bicarbonate solution results; and the potassium 
remains in the solution. 

- The first suggestion is that the KAuCy, is split up into its ions. 
The negative ion (AuCy,) combines with a positive ion (which must 
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be available in the charcoal) and is adsorbed; the positive ion (K) 
combines with a negative ion and goes into solution. A natural 
question is: What compound in the charcoal, upon ionization, can give 
the results observed? In pine charcoal this could be calcium hydrox- 
ide, as 50 per cent of the ash is calcium oxide, and in sugar charcoal 
the compound apparently can be only water. 

The observed differences between gold-loaded pine and sugar 
charcoals are that the color reaction is not obtained upon heating 
the sugar charcoal, and that the solubility in hot water of the 
adsorbed gold salt is different. (It is of interest to note that when 
sugar charcoal so treated as to contain calcium is used for precipi- 
tating gold, the color reaction is observed when the loaded charcoal 
is heated.) 

The solubility by hot water of gold from loaded charcoals varied 
as follows: 

From sugar charcoal, 5.7 per cent; from sugar charcoal partly 
treated with CaO, 7.9 per cent; from sugar charcoal well treated 
with CaO, 10.8 per cent; from pine charcoal, 18.1 per cent. 

To account for the bicarbonate in the solution it becomes necessary 
to assume that carbon dioxide is present—a reasonable assumption, 
since charcoal has a large capacity for this gas (4, 52,69). The 
theory may be expressed by the following equations: 

For pine charcoal— 
2 KAuCy, +Ca(OH).+2 CO,=Ca(AuCy,).+2 KHCOQ;. 
For sugar charcoal— 

The first product of reaction is adsorbed; the second product goes 
into solution. 

Evidence in favor of theory.—In the experiments which led to this 
theory, it was first conclusively proved that, in the precipitation of 
KAuCy, with pine charcoal, the potassium remained in the solution. 

As the evidence indicated that a double salt was adsorbed and the 
potassium was not adsorbed, calcium, which was present in the char- 
coal, was suspected of having replaced the potassium. In order to 
prove this in the adsorption of both gold and silver on pine charcoal, 
several tests were made in which the charcoals were loaded and 
washed, then treated with boiling water to dissolve adsorbed salts, 
and the charcoals and solution were assayed and their calcium content 
determined. Blank charcoals were carried in parallel to determine the 
amount of calcium dissolved by the treatment with boiling water 
alone. The results of these tests showed that: Enough calcium was 
present in the charcoal to form the calcium double salt; enough calcium 
was present in the solution from the hot-water extraction to form the 
calcium double salt; and during precipitation virtually no calcium 
was removed from the charcoal. 
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Final tests were made in which charcoal was loaded and then 
treated with boiling water for two hours. Three products were thus 
obtained—the ‘charcoal, the solution from precipitation, and the 
solution from the hot-water extraction. All of these products were 
analyzed for alkali metal, calcium, and gold or silver. The two 
solutions (they were free from sulphates, chlorides, and free cyanides) 
were titrated for hydroxides and bicarbonates, and subjected to evap- 
oration tests. 

As only a fraction of the solutions was used in making each of these 
several determinations, the analytical differences were multiplied; for 
that reason the obtaining of close quantitative checks could not be ex- 
pected, although in most of the tests the results were surprisingly close. 

Table 11 shows that the alkali metal is not present in sufficient 
quantity to form the alkaline double salt in the charcoal or in the 
solution from the hot-water extraction; it remains almost entirely in 
the solution from precipitation, a small part of it as hydroxide, but 
most of it as bicarbonate. In the last two tests no calcium was 
found in the solution from precipitation, but enough was found in 
the charcoal and in the solution from the hot-water extraction to 
form the calcium double cyanide. 


TABLE 11.—Analyses of solutions from precipitation and hot-water extractions 
{Weights in milligrams] 


H380, 
equivalent 


Required to form : 
Resi- | double cyanide | Ratio 
due | t—t—is:C*CO 


metal 
to 
Na K | CaO CaO 


Bugar charcoal containing no 
aQO, using KAuCys: 
In original material....... : coe DD Ochs ca bet tach Ne te St se Lull ie le vale | ale Colneicltoee cyte sBhs 


In charcoal] after extrac- pre wear Soara ge Ste = the ae SR ee ee a, ee 
HOD. wcce ese cceee ceed] He Oo 8 essen etc ccc ccek eee enelaccece 22. 6 | ewer ltewced 
In solution from precipi- 
tation... «.. sccceccn cece 
In solution from extrac- 
t 


Per cent dissolved. _....-.-.-- NA ce een ieee (iene cern” Uneenion ieneees 


Sugar charcoal, CaO treated, a aan Gke Gnas 
using KAuCys: | 
In original material....... . . A a eee (mere cees Carries eer sotet cleat ase 220 


In charcoal after extrac- 7 eee er le ee ic Spe or 
TION so oe coe sce : 0 Povo tedlisee vedas Sage aco 21.9 | 15.8 3. 00 
In solution from precipi- 
tation. _...----..-2----. 
In solution from extrac- 
HOD 22s sos eset soe 


Per cent dissolved. .....---.-- Gece We ccce doe ene eth aeerl Wane 


Pinecharcoal, using NaAgCys: oy ee = | ea araen anes eee ea 
In original material... -..... ; 19.2 |e scone | setae a Satta || Miata teeta nel achat ne ee gna 


In charcoal after extrac- a a | 


COD 2.2. oe teee conic cd 
In solution from precipi- 
TALION. 2 cost oes 
In solution from extrac- 
CIOD 2 oe rescceceseet 


6 .9 Ha) Pees 


Per cent dissolved........._-- 2.6 | 63. : : | Gy gl opm eee (k pe Remeae | | OE Ce (ee 


4394—27——-5 
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The possible salts in the two solutions of Table 11 have been cal- 
culated and are given in Table 12. In this calculation the values for 
Ca(OH), and the AIkOH were based on titration with phenolpthalein. 
The values for double cyanides were based on gold or silver assays, 
and the double cyanides were considered to be present as the alkaline 
salt in the solution from precipitation, and as the calcium salt (when 
calcium was present) in the solution from the hot-water extraction. 
The bicarbonates were calculated from the remaining alkali metal; 
the figures based on titration with methyl orange are given in paren- 
theses. The excess calcium was calculated as carbonate. The last 
two columns show how closely the total weight of calculated salts 
compares with the actual weight of the salts obtained as a residue 
upon evaporation of the solutions. 

While the authors recognize that the data at hand do not abso- 
lutely prove the presence of these salts in solution, the evidence 
strongly favors the theory. 


TABLE 12.—Possible salts in solutions from precipitation and from hot-water 


extraction 
[Weight in milligrams) 
Actual 
Ot | CaCOHs! NAUCI | CacMCys)s AIkHCOs | CaC oa) Tt! | ne 
a be 
| | 
Sugar charcoal containing | 
no CaO, using KAuCys:: | 
Solution from precipi- ; 
tation.. 2.222.222. 2. 4.0 |..-.......! & ay al (ene en 147.2 (57.9) |... 2-- 54.9] 45.0 
Solution from extrac- | - | 
LOD es tseea aes sGieeice SOM acter tans! 10. cc Gecocese ee ee 0 ey ees 12 5 10.0 
Sugar charcoal CaO treated, | 
using KRAuCYys:: 
Solution from precipi- 
tation... 22222222 le. 6.0 0.0 a) 0.0 42.8 (49. 2) 00); 493 $5.0 
Solution from extrac- 
NON: cactcice de catenc. .0 1.7 .0 18. 4 4. 4 (9.0) 4.6 29.1 37.5 
Pine charcoal using | 
NaoAgCya: | ] 
Solution from precipi- } 
tation........--.----- 9.9 0} 5.0 .0 | 88.3 (67. 4) .0| 73.2! 80 
Solution from extrac- | | 
| 5 0) 9 ene em repens ava | 1.7 0 32.5 | 10. 2 (14. 9) 4.1 48.5 | $7.5 
SUMMARY 


The following evidence is given to show that the precipitation on 
charcoal from cyanide is not metallic: (1) The precipitation is invisi- 
ble; (2) it has not the chemical properties of the metal; (3) the effect 
of acidity in solution is not the same as with metallic precipitation; 
(4) the capacity of charcoal is less than with metallic precipitation. 

The mechanism is shown to be an adsorption for these reasons: 
(1) Equilibrium is established; (2) the action is extremely rapid at 
first, though a lag, probably caused by inaccessible pores, is noted 
later; (3) high temperature decreases the capacity of charcoal; (4) 
lower pressure tends to lower the capacity of charcoal; (5) in strong 
solutions a large amount of gold or silver is taken up, but in weak 
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solutions a larger percentage is taken up; (6) the amount of metal 
taken up is greater when more available surface is exposed; (7) the 
maximum capacity obtained is less than a monomolecular layer 
of adsorbed salt; (8) activity and capacity differ with different car- 
bons or different conditions of the same carbon or charcoal; (9) the 
gold and the silver adsorbed are found to replace each other; (10) 
the straight-line adsorption isotherm can be obtained directly in several 
ways and indirectly by disadsorption. 

A chemical action accompanies the adsorption. The evidence 
points to a double decomposition; that is, the alkali metal in the 
alkaline aurocyanide or argentocyanide remains in solution as bicar- 
bonate, and if calcium is available in the charcoal, a double salt, 
apparently calcium aurocyanide or argentocyanide, is adsorbed. 


DIFFERENT CHARCOALS AND THEIR TREATMENT FOR 
PRECIPITATION 


The essential quality of a charcoal for use as a precipitant is high 
capacity. This might be obtained by: (1) Selection of a suitable raw 
material; (2) treatment of the raw material before charring; (3) suit- 
able preparation of the charcoal; (4) treatment of the charcoal subse- 
quent to charring, and (5) use of activated industrial charcoals. 

Experiments covering these five ways were made. No remarkable 
charcoal was evolved, but some general conclusions were drawn. 


RAW MATERIALS FOR CHARCOAL 


A large variety of vegetable and animal substances can yield charcoal 
or carbon. Several raw materials that might produce charcoals of 
varying characteristics were tried. These charcoals, and also carbons 
of different forms, were subjected to the standard tests. The results, 
given in Table 13, indicate that there is only a small prospect of 
obtaining a charcoal having a much larger capacity than pine charcoal. 


TaBLeE 13.—Comparison of carbons and charcoals from different raw materials 


Lampblack, quenched. .....-.--0----- 222 - eee eee eee ce cee eee 
Coal, carbonized... 2. ee ee eee eee eee eee cence cceee 
Coal, carbonized, quenched ..............--------------2---- ee 
Graphit i St a i Sa dts Se A ess Na to ces ee et nA 
Graphite, quenched... 0.0.20 00 e ee enn ee cee eee ccc een w wc eee 


Activity | Capacity 
Precipi- Effi- Effi- 
Carbon or charcoal tation ciency Loa ciency 
(per | (per | (ounces | (per 

cent) cent) | Pe cent) 
Pine, average of two tests... 0-2 72.9 100.0 
Coke pulverized: 22.226. o ced caes gceebareenteekesiwcs cwieeeces 2.9 1.5 
Coke, quentned 26 eco ead Se Seco wad dae BS saewse 4.4 1.7 
Pruiled. Rice. charcoal. «.c0. cco con co etedueaeseccaseosu segues 35. 4 80.9 
Puffed Rice charcoal, quenched ._....-_....-.--.-..--------2--- 44.8 94.0 
Bulpar CNArCGle sos ee eee areiaecatateaate sedan oescwecee 47.2 73.9 
Pine, average of four tests...... 02 eee eee eee eee 58.0 100. 0 
Pr AG CHACON Vie Sah oe et ek eee anc teeta eg sls tang wt 5 24.1 81.1 
Sugar charconul, quenched. ._......--.-.-...---------.---------- 22.8 82. 4 
PU COAT se nis Ai ts ee ast es Lel nA lence BO ne 23.7 &38. 3 
Flour charcoal, quenched. ..._....-.....--.-----------------e-- 19.6 85. 8 
Bai pli hee oc ls ee eee are et areas eaten aay eye cae ee ee eee 5.6 3.4 
8.6 11.7 
23.0 89. 2 
34. $5. 0 
2. 2.0 
2. 1.6 
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Specimens of 24 different woods were obtained from the Forest 
Products Laboratory, Madison, Wis. They were charred and the 
charcoals were tested by standard tests in comparison with pine 
charcoal. Table 14 gives the results of these tests in comparison 
with pine. The other woods are listed in the order of their decreas- 
ing density. The harder woods generally are near the top of the list. 

The results confirm previous observations (22, 23, 28, 55, 62) that | 
softer woods are usually more efficient than harder woods, both for 
activity and capacity. However, the difference is not large, and 
the denser woods, if given longer heat treatment during charring, 
might possibly give as good results (87).' 


TaBLeE 14.—Comparison of charcoals from different woods 


Charcoal Precipi- Efii- toad | Emi- 


tation ciency ciency 
(per (per rar as (per 
_ cent) cent) | Per ton | cert) 

$$ | | -_— _—__— 

Pine (standard) ....._......_...-.-...--_.-_-------------------- 96. 9 100.0 1, 871 1.9 
CRUE on son mets cus ome eoe Ohad aleee cet hoaseuea ve beacons 77.7 80. 2 1,5 B25 
SPST ON Rr ol ee es ade ot aw re ral oa ee ak osaete 88. 4 91.2 1, 696 Gi § 
AV DIG Oa ce eos eS cise ee ve hentia eas 82. 1 $4.7 1, S55 oes 
PROC F OUR Se auch cts ie go det ete tens pee Bd ce atl tet alta Bec 84.5 87.2 1, 5 si 2 
POO LO Lo eiors oa et ae ea NS Gol St ta Se Sat cate ete 88. 5 91.3 1, 668 wi 2 
CISA BE OFA CO led ed sch haa tao the ot ete nt caecum katte 86. 1 88.9 1, 614 ¥ 3 
COTES se sich asf aa a at nets Bt ad alae ne cana a hg a ath ee §9. 3 92. 2 1, 629 ST] 
"PG Dele CU ses! cette thle ke tun okie ahs oe ee OEE $8.7 91.5 1, 766 Oo 4 
HONS te ontak cad anc eatina i ebay etek hence aareccsecaee cans 97.2 100. 3 1, 865 m7 
POS OP Dir CN ee cet a vier te ee ears ee na ral ko inanten coleman 94.9 97.9 1, 791 7 
AV oe a ae Se cp Syed abi Eee NE Oe AL ak cone wyele hac su. 7 . 6 1, 72] 20 
AW eG ere a oe ee oe ae en wedecne 4 fa reteset soe ethene §0. 7 6 1, 605 a) 6 
Philippine mahogany. .........-----.--------- eee eee ee ee eee ee 92. 4 4 1, 738 v2.9 
PS a oh te a a Oo etn 8 ee Etat ON eet a on Beg eno aid 90. 8 v4 1, 6u) wi 3 
PSO is oii bt od ter dys eye Malar to ae Ne ans biel ef, pdiadns A Maer tate 93.8 8 1, 732 $2 § 
DOS 6s se coc seus sce cel set ae oe tae he caus 86. 6 4 1, 639 875 
Mellow poplats.2 26. seh ccd d eco 2d oe as aida v kee taeda sdatote 95.8 9 BR: v7.3 
Penmlock 2 23206575 0 eho cece nck cate sk ete eae Bote tena 93.8 8 G25 
aSS 91.5 4 a) 
WIG UOC hott une ewan este on saa kea ues baln past caumersenee 86. 4 2 1, 571 84.0 
BiChi SPRUCE. ache ton, coins wea beanies 2 ada tacM neat watenen cole 04.3 3 1, 769 G4 § 
Port Orford ceditire2.. 6-24 eevee gies ecw ones ete dwe twee 91.1 0 1,695 Gi) § 
ON DROSS od 2a eres pits ot oa tena ene oe Nea tee a ea 96.0 1 1,877 | 1M). 3 
WNC PGi sed ets at oad soso ae ee att moose 95.3 3 1,773 S$ 


TREATMENT OF RAW MATERIALS PREVIOUS TO CHARRING 


Experiments on the treatment of raw materials previous to charring 
have been reported (33, 85, 92, 100). 

In the tests given in Table 15 pine wood was the raw material. 
Each sample was soaked in the solution for 16 hours before charring, 
and the tests made under standard conditions. Although several 
substances increased the efficiency, sodium hydroxide and, in less 
degree, calcium hydroxide decreased the efficiency. 


ah! 


1 It is of interest to note that, under like conditions of manufacture, both the denser woods and the higuy 
colored woods usually give a much larger yield of charcoal. 
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TaBLe 15.—Effect of soaking pine wood before charring 


Activity Capacity 
sy | 
; ? Precipi- Effi- Effi- 
Solution used en ciency ate ones 
per per per 
cent) cent) per ton) cent) 
( 
None, average of two tests.___--- eee eee eee eee | 64. 3 | 100.0 990 100.0 
1] per cent potassium cyanide........ 2222.20.22. 51.2 79. 6 1, 284 130. | 
1 per cent sodium sulphide.-......--.......-2-.-.-.-- 22-2 eee ee | 93.9 1533.8 733 74.0 
DP per cent nitric-acids 3 cen see ose delete coulis 83. 2 129. 4 1, 132 114.3 
1 per cent sodium hydroxide... ....22...2.2...22222.22222-- 2-2 11.2 17.4 437 44.1 
1 per cent zine Chlorides. 6520): case. ise eke ce eee eet cwe ee soles 72. 5 112.8 1,018 102.8 
Calcium hydroxide, saturated.........0...22....22-2-.----------- 45.9 71.4 879 85. 8 
} per cont zine chloride |. 22.2. scck ecco bek cee cee cence enns 60. 2 93. 6 834 $4. 2 
1 per cent zinc chloride ?._. 2... 2222. e eee 100. 0 155. 5 891 90. 0 
1 per cent zine chloride 3?._ 22.222 eee ee eee. 99. 1 154. 1 1, 119 113.0 
1 per cent zine chloride 4... 22... 2- 222. eee 76. 2 118.5 1, 422 143. 6 
1 per cent selenium oxychloride. ......-....2--2 eee 91.6: 142.5 1, 473 1438. 8 


1 After charring, treated with 2 per cent sulphuric acid and washed. 

3 After charring, treated with 2 per cent nitric acid and washed. 

? After charring, treated with 2 per cent hydrochloric acid and washed. 
4 Same as preceding, but reheated and quenched. 


METHOD OF PREPARATION OF CHARCOAL 


The effects of charring pieces of wood of different sizes, of heat 
treatment during charring, and of the age of charcoal were investi- 
gated. A numberof articles discussing in a general way the prepara- 
tion of charcoals have been published (4, 52, 54, 78, 84, 87, 92, 100, 
101). 

Size of pieces of wood charred.—Tests were made to ascertain 
whether charcoal from small pieces of pine differed from that from 
large pieces. The small pieces were approximately 3%-inch cubes 
(as ordinarily used in preparing charcoals for standard tests) and the 
larger pieces 114-inch cubes. The heat treatment given was the 
same for both sizes. In order to ascertain whether the heat treat- 
ment was as effective on the inside as on the outside, the charcoal 
from the larger pieces was divided into two virtually equal portions; 
one portion composed the outer layer and the other the core. The 
results of these tests (Table 16) indicate that the size of the pieces 
from which the charcoal is made has virtually no effect; the inside 
of the pieces is as efficient as the outside. 


TABLE 16.—Effect of the size at which wood is charred 


Activity @ Capacity 


Nation |EMicleney! (ounces (Efficiency 


(per cent); (per cent) 
(per cent) | per ton) 


Size Portion 


34-inch, average Of 5 tests._..........------ Beat Sil tadang hmastet tt 100. 0— 997 100.0 
Pe inthccguse ee keues taeestewe coasts) DULCE Tey eer. 87.9 1, 005 100. 8 
Mi -int@hiscassvi 2s sence cede st oee secs vee Inner ?_ 1.22. l oo. : 93.5 951 95. 4 
VA CN oseaenc nessa see sce edcecee tose: Outer 72.202 ..02.-- } 7¥. 0 951 95, 4 
U4 CN we cen sesh este eect newehee soe Inner 2... 2202222. ; 86.0 $38 94.1 
Pe lnGh ; decease eek eas te Be lead Outer 3.2. eee . 84.6 98S 97. 1 
fi NCW c cous atsest ice Seage cen ots sa TNO coscenSecss ; 100.7 O42 94.5 
1}44nch, AVeTARC <n e2cecs sees ne se see eee UCR cele cicae eee: 39. $4.5 Yrs vr. 8 
14-inch, average. -.- .-.----.-------------- Inner_..- 22-222. 3. 93.7 OL 94.7 
ea a a ag a a es 


1 Quenched, pulverized wet, and dried. 
aNot quenched, pulverized wet, and dried. 
Not quenched, pulverized dry. 


(Go gle 


32 GOLD AND SILVER FROM CYANIDE SOLUTION ON CHARCOAL 


Effect of heat treatment on charcoal.—From the argument (20, 
22, 40, 52, 55) that reheating a loaded charcoal reactivates it, the 
deduction can be drawn that heat treatment of charcoal is beneficial. 
The work of the Chemical Warfare Service demonstrated that heat 
treatment and oxidation increased the activity of charcoal. 

The present investigation of the effect of heat treatment included 
an examination of the effects of temperature, length of treatment, 
and broken treatment (heating in two distinct periods). The 
charcoal was made from 3-inch pieces of pine charred over a Bunsen 
burner in nickel crucibles with ordinary covers. The cover of the 
crucible fitted just tightly enough to allow gases to escape freely 
and to allow air to enter. A constant rate of oxidation was main- 
tained; check samples gave the same charcoal yield for equal lengths 
of time. 

The temperature at which charring may be done can vary con- 
siderably so long as it is high enough to cause oxidation of the inactive 
hydrocarbons. The results of the tests (Table 17) show that 500° C. 
is too low for this oxidation, but 700° C. gives almost as good a char- 
coal as 900° C. Tests at higher temperature were not made but 
several authorities (78, 84, 88, 101) assert that activation decreases 
at temperatures somewhat above 900° C. 


TaBLE 17.—Effect of different charring temperatures 


Activity Capacity 


Temperature of charring i | 
Precipita Efici ee | efficiency 


tion ss 
(per cent) (per cent | per ton) cent) 


AN A haces hha 2 hacia tat Re Dae NO naar ia heel ae de enti eae ae 21.3 36. 6 382 59 4 
COTY A oes Bh dian tate Ruel hia, OO elerttl ye teens SG hath 2 24.1 41.4 44y 61.6 
BO ON sy et oS Te a Fite Ba Neck bapa Ge ah wap RN A Al ae 56. 1 06. 4 702 1G. 3 
@O0? C2 cs ee ee ech oe na bee ois ete cn pate 44.1 75. 8 717 G4 
1 48 sks Coop, (Ws ee Pe nvee Agen, ROPE a a Neen A, SOOT Cn AMER Sones nL NCR aR oe OTR 58 2 100. 0 729 100.9 
ae ee rs oe 2) ee 
E DMS CUE ie eon Steg) eae diet latin A eel tera VAS cis ree ee 7. 2 413 7 
0 Cr Gurnee" cas Ge Se ane en eR fone Roe CE Ae SCT 56. 7 07.4 TRO 1&4 
TAM ONT ah a Me ect oth hl Dad cai eat een a Pees era haat ine ah al are tions 60. 0 103. 1 748 Ir, 6 

hace pm, | Uhakss Char, am ep i nee Sie tes SR ae RU e Seg ent Wen eg ve tO et 65.3 112 2 808 lay 


1 Charred 10 minutes, not quenched, pulverized dry. 

7 (Charred 10 minutes, quenched, pulverized wet, and dried. 

3 Charred 10 minyes at first temperature, cooled, and reheated 10 minutes at last temperature, quenched, 
pulverized wet, and dried. 


It is interesting to note that with equal heat treatments at 900° 
C., irrespective of other conditions, the results are similar. <A 
temperature of 900° C. was used as standard for charring in three 
series of tests to determine the effect of time. The results of these 
tests (Table 18) show that increased duration of heat treatment 
gives increased efficiency up to a certain point, beyond which there 
seems to be no gain. The results also show that so long as the total 
period of heat treatment is the same, applying the heat in two periods 
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instead of one does not affect the efficiency of the charcoal. Figure 
4 shows that too short a period of heat treatment gives a decidedly 
inferior charcoal, but prolonging the treatment beyond a certain point 
confers no benefit. 


bt = 


2 
TIME OF CHARRING, HOURS 
Ficure 4.—Charcoal efficiency with varying time of charring, all at 900 C.: a, Capacity; 0, activity 


TaBLE 18.—Effect of time in the heat treatment of charcoal 


Activity Capacity 
Num | 
Average minutes heated ber of Precipita-|Efficiency; Load (Efficiency 
tests | tion (per (per (ounces (per 
cent) cent) per ton) cant) 
TO cece acts sont See te a rte ease ce 2 64.3 100. 0 990 100. 0 
VF eck cower et aoe Gee bacle shan aern ee alts eee 2 74.3 115. 5 1, 449 146. 4 
VO ee eee ee soe Dae tal an ht ice et et yeh 2 82.6 128. 5 1, 617 1623 
MOO A ss eS crt aie Ne ea bee eit uate an emesis Bae 74. 1 100. 0 1, 805 100. 0 
ES Oh ott ch Ea ee ee ee eth a eels eee ee ead 71.4 96. 4 1, 797 99. 6 
DOs oo cee ee Ye crcl ae ee Seo eet ce Dei ne te eae See ok eens 89. 4 120.7 1, 989 110.2 
Gia Wer iee ee niece aa chee he mak Ae Nee ys ee LS a Ge) 90. 6 122.3 2, 004 111.0 
WO on Sea oe iee be Bea oe ee A aes ee 2 49.6 100. 0 1, 369 100. 0 
QO erases ee set la le ones ue eel aa Nets tae oe Sauk 2 65. 2 131.5 1, 642 1109 
SOL 2222s 25s88 conc Sees ete oes Boece ee a eee dc 2 75. 0 151.2 1, 772 129. 4 
Tb Mee eine ee een EDR on al Eee Me ieee an ON one eT Se ea A 2 76. 2 153.7 1, 751 127.9 
V2Q oro ais Seb tes ek Se eS aoawien'S Se Cease dene oases eee 2 88. 6 180. 6 1, 913 139. 7 
940: 2.2 Geawetee Hewett a wcmede cadens Jie se occetc Ce cna 2 88. 2 177.8 1, 926 140.7 
1 Cooled and reheated 5 minutes. § Cooled and reheated 30 minutes. 
2 Cooled and reheated 15 minutes. 4 Cooled and reheated 20 minutes. 


Effect of age on charcoal.—The general belief has been that 
charcoal must be freshly burned to be efficient (32, 51, 53); only one 
reference (25) giving the contrary opinion has been noted. 

Results of a series of tests of pine charcoal of various ages appear 
in Table 19. They show that a charcoal once activated for precipita- 
tion purposes seems to retain its power with very little diminution. 
The charcoals were made under standard conditions of heat treat- 
ment and were kept in the laboratory in beakers with watch-glass 
covers. They were pulverized dry to minus 200 mesh just before the 
tests were made. The results show that the activity of the charcoal 
slowly decreased with age, but the capacity was undiminished during 
storage for at least one month. 
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TaBLe 19.—E ficiency of pine charcoal at various ages 


Activity | Capacity 

Age of charcoal in days Precipita- Efficiency; Load \Efficien-y 

tion (per (per (ounces | (per 

cent) cent) | perton) | cect: 

! 

Newly ade: osc J net ece tet etaen i eee ee ae 81.4 100. 0 1, 639 | 1mMd 
Dee eh oleae ee NE on So ahi Mn can a eh ithe an a Stat 86. 6 106. 4 1, 70s iW. 2 
I AAI ye SO TERT AE ASE SIRE AEC T ete EEO TORI $1.4} 1000] 60} wis 
5a Sea Pa ry 2 Oe a eA oe ST CREE Ee SE i ee 79.1 y7.2 1, 655 jul» 
cA Rk Aid a a Opts ot pte le bis eat JLe nO e we Sor ete Se Tite 80.8 90.3 1,7 1s. 2 
V4eod esate Sa Sad Sab oie Seb eals et See aso besiege ee ree ee Ck 77.9 B5. 7 1, 6vv ths rg 
POs sicca See oe ee end be ae ee eee meatal een e eben 76. 5 04.0 1, 697 | 1.8 
AO obi St REE ah iae Chars ch enone eral dae estar ye tate on cate alia 3 76.1 93.5 1, 692 Vas. 2 
hates wee al teint aie Nas eh eh ee eee ee a ca et 66.7 81.9 1, 565 | 91.5 


TREATMENT OF CHARCOAL SUBSEQUENT TO CHARRING 


Under the heading ‘Treatment of charcoal subsequent to char- 
ring’’ are given results obtained by steaming, by quenching, by pul- 
verizing, and by chemical treatment. 

Certain tests (see Tables 17 and 18) in which the charcoal received 
a heat treatment after charring can be properly included under this 
head, but it was deemed best to consider the subject of heat treatment 
separately. 

Steaming charcoal.—Steaming charcoal at high temperature has 
been found to activate it greatly for gas adsorption (33, 74, 75, 76, 79, 
87, 92, 101); the authors tried this method on pine charcoal. They 
put lump charcoal in a porcelain tube and heated it in an electric 
furnace, passing steam through the tube until the charcoal cooled 
enough to avoid ignition. The results (Table 20) show that 
steaming pine charcoal at the higher temperatures increases its 
efficiency somewhat, especially as to its capacity for the 5-minute 
period. From these results, however, it would seem that if a charcoal 
has been properly heat treated, steaming can not greatly improve 
it for precipitating gold and silver from cyanide solution. 


TABLE 20.—Effect of steaming pine charcoal 


Steaming Activity — 
Precipi- [Efficiency| Load (Efficiency 


Temperature, °C. Time (hours) tation (per (ounces (per 

(per cent)} cent) per ton) cent) 
No steaming, average of two tests !__._.. --|-s 42ers “ae 73. 5 100. 0 1, 144 | 10). 0 
620._ 222222222. ep Le Soe ander nied ee Rees AE | ee 80. 5 109. 5 1, 139 | ys 6 
O20 eee as ea oa are an ch SO eae Pe Caetano 87.2 118.7 1, 147 | 100. 3 
G20 eo 2 oe oe oe as te he oe ewe ee se Oy carat See tte 88. 8 120. 8 1, 152 100.7 
2038 cosine biscoaataccmale soed totems Odjesech adc weckes 87.5 119.0 1, OV7 | "5.9 
PW ee Boe A ct he ha Rel Facet Os Sion | Deen he tree shin 93. 6 127.3 1, 225 | 107.1 
MWD ceases facade et ane Bk es ap RA Le ehcp ASA yell oa th “aR a sage es a 06. 1 130. 8 1, 207 | 106. 5 
Ge See sahey Nae eae oa Ment erences 1s a aeeeaae 93. 2 126, 8 1, 087 | us. 0 
TW She eat eck tte an cnet oh TE Neek Maher, Me Men ed ai (he Seager ea RE te a 93.7 127.5 1, 155 ikaw 
QO, Boast Sy oh tices ete MO Ns Sou esti k by oe ORR ea 93.7 127.4 1, 252 (fo. 4 
12D U eee na Sad een es ee Nar Se es ER |e oe annie eee 95. 4 129.8 1, 355 118.7 
No steaming ?_......-...-..--------------- (Ne eo ot at 91.0 123.8 1, 28 112.6 
Re face ORE Rare tee aT Tae See eae eT 5 minutes_.___.._. 82. 2 111.8 1, 4 134.0 
POO 4 Ll arnt le sstcuc A Ophea hate dente DAB Ns St Y 5S minutes... 000. 77.0 104. 8 1, 496 130.8 
SS iets i aon eh Di Daa Danes! tan ate atte Sd 5 minutes...... 2... 88. 2 120.0 17 144.6 


1 Five-tenths gram of charcoal used in activity tests and 0.25 gram in capacity tests 
7 Charcoal was wet, heated to 000° C., cooled, and pulverized dry. 

8’ Cooled after steaming and pulverized dry. 

4 Cooled after steaming and pulverized wet. 

§ Queuched after steaming aod pulverized wet. 
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The formation of water gas is so rapid during steaming at high 
temperature that pine charcoal is completely consumed in one hour. 

Effect of quenching charcoal.—Articles and discussions on the 
effect of quenching charcoal (61, 62, 63, 66, 67, 77, 93,98) have been 
numerous. Edmands (66) concluded that quenching, followed by 
wet pulverizing, materially increased the precipitating efficiency of 
charcoal. Since the tests in Table 21 do not confirm this, it is sug- 
gested that Edmands’s quenched charcoal was superior because it 
had received a better heat treatment. 

In this investigation, before the effect of heating was realized, 
beneficial effects had always been obtained from quenching, and it 
was concluded that quenching itself was beneficial. Upon an exam- 
ination of the data, it became evident that charcoal efficiency was 
always increased when the charcoal had been given longer heating. 

Quenching in water.—The results of a number of tests (Table 21) 
show that quenching did not materially affect the charcoal efficiency. 
Although certain individual cases showed a difference, the average of 
all the tests was so nearly the same that it seemed fair to conclude 
that no beneficial results could be obtained by quenching. 


TABLE 21.—Comparison of nonquenched with quenched charcoal 


Nonquenched Quenched 
Charcoal Precipi- Precipi- | Load 
tation tation (ounces 
(per cent)| per ton) | (percent)! per ton) 

Piné, pulverized dry <ci.cc6 oon eect ecceeececewecksetediesse 48.0 41.5 
Ping, QUO POrtiOtss oie. ce chou see cbse ie csc ooewteweekeas 36. 6 40. 7 
Pine, inner portion..............-2---2.2 22-2. e eee eee ee nee 39.8 43. 5 
Pine, charred at 500° Ces. cn cc osc cece ec dos Sen cece ewe 21.3 24.1 
Pine, chirred at) 00" Cs.n-2 ccne dooce cceewee be dan bicenkc esses 56. 1 44.1 
Pine, charred at 900? Co 2 ce bee ere aaeew se see Se 58. 2 51.8 
Pine, steamed at 900° C._._..- 2222 eee eee 82.2 88. 2 
Siswar- charcoal wes see ceed onc ese ew etn Whee od Leena ed 24.1 22.8 
FJOUe ChaTCON ss tuck eceen conte eel d le ouece kee eit aes 23.7 19. 6 
Coal caronlzed. o.26 26.6.0 osws Secks cod es Sh 0c eee tose 23.9 34.5 
Burrell, SO-minute: ccc. ech ek ec SSeS wb Senda Peau ee Gece 83. 6 86.3 
Pine, charred 10 minutes. ....0....0..-2.2-.-0-02--.-0-02 2-22 50. 4 48. 7 
Pine, charred 20 minutes_._.......-..-------2 222-022 63.1 67.5 
Pine, charred 30 minutes.....-2-. 2-2-2 eee eee $2.9 66. 6 
Pine: charted 1 HOur 6.2 eee ey os ose ee coe ee ew eweec ss 79.4 73.0 
Pine, charred 2 hours...........--.---...-------20- ee ne enn eeeee- KS. 8 90. 3 
Pine, co sited, 4 No0urss.2256 coe nee were atone e nee ae 89, 2 87. 2 

96 54. 73 


AVOTARG sie ts i eas tes tacts Veoh end hore es | be. 


If quenching a red-hot charcoal is the cause of its increased effi- 
ciency, equally good charcoals should be obtained by quenching at 
a certain temperature, irrespective of the duration of the heating. 
Table 22 gives the results obtained with charcoals made from the 
same pine but given varying lengths of heat treatment at 900° C. 
before quenching. The results of the first six tests show that although 
all charcoals were quenched from 900° C. their efficiency varied with 
the length of the heat treatment. The results of the last four tests 

4394°—-27—__6 
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show that two charcoals given 30 minutes total heat treatment are 
virtually of equal efficiency, as are two charcoals given a 1-hour heat 
treatment. The latter charcoals were the more efficient, although 
all were quenched from 900° C. 


TaBLE 22.—Effect of heat treatment on pine charcoal before quenching 


Activity, Capacity, 
Heat treatment at 900° C. (minutes) ee ae poe 
(per cent)| per ton) 


ee 
i i en i ne i ei i i in ey 


telat ee a ee er 


Quenching may be advantageous in washing out impurities and | 
thus lowering the ash contents, or by having a mechanical effect, 
making a dense charcoal more porous. Quenching reduced the ash | 
content of pine charcoal, especially when the heat treatment had | 
been long. 

Quenching in a chemical solution.—Table 23 gives the results of 
quenching charcoal in chemical solutions. After quenching and 
pulverizing, the charcoals were washed. In the table comparison 
is made with the same charcoals quenched in water. The results | 
show that quenching in certain chemical solutions has an effect. | 
Solutions of nitric acid, zine chloride, and sodium hydroxide, which 
increased the activation of the charcoal, are of especial interest. | 
Other solutions may have a more decided effect (68). 


TABLE 23.—Effect of quenching charcoal in chemical sovutions 


Activ: 


oe Capac 
Charcoal Chemical solution used preciply | oad 

t ro (ounces 

cent) | Pet ten) 
Pie os ce eabre telah ge aes oma WY terse orton act isle eco ad 521 1, 02 
| Ee eee ret even ne TRONS ROC Nas PR eee HOt WatOh nce Uchoeeelus Udetkcnewawion 47.5 1, 94 

NON soe Pete acs he ohcaican Me Actere tyne et od al per ent bol Sects pose aos etd 44.8 1,119 

TNOL i ea eoess canes Reais serene 1 per cent NajS.......-........-------- 58.5 04 

D2 hie Seat cto yd ee Syne henna caee 1 percent HNOs__......22.22-22-ee ee. 100. 0 961 
Whang, eo As treat het t kee I percent NaOH... eee eee eee 71.4 1, Wo 

| Le Reem Se ere areas ee Sree ee Crab SEEN BA MITE 1 per cent AnCls.......0.........2----- 81.8 1, 130 

1) Ohare shes se outa ee eee lt Saturated Ca(OH)s..-....---..-.------ 5a | 22 
Coal, carbonized__.._....... 0000... eee WYO rota cult. he Mol et fod de waht 34.5 649 
DO etna tt eke el cet onal ty ne egies 5 per cent HHNOg._.....-2..-..---2--2- 51.2 oo 

a ee es 4 
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Effect of pulverizing charcoal.—The effect obtained by pulverizing 
charcoal may depend on the fineness of pulverization or on the 
method of pulverization. 

Fineness of pulverization.—That fine pulverization increases ad- 
sorption has been often recognized and much discussed (9, 52, 61, 
62, 63, 64, 66, 67, 73, 80, 92, 93, 98). 

Ordinary sieve sizing gives a series of sizes; the coarser sizes may 
be harder charcoal of a different kind from the finer sizes. To 
obviate this possibility, the authors of this paper pulverized and 
sieved the charcoal in such a manner that each size represented the 
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AVERAGE SIZE OF CHARCOAL PARTICLES, MM. 


FIGURE 5.—Precipitution of gold and silver on charcoal of different sizes: a, Gold capacity; 0, 
silver activity; c, gold activity; d, silver capacity 


original sample. Table 24 gives the results of a series of standard 
tests of various sizes of pine charcoal thus obtained; from them the 
curves given in Figure 5 were obtained. A study of these curves 
leads to the conclusion that fine pulverization after reaching 200 
mesh does not materially increase the efficiency of pine charcoal. 
At this size all the pores seem accessible enough to take a full load, 
although this load is taken up somewhat more slowly than in the 
finer sizes. Investigators (83, 86) have noted that the fine grinding 
of charcoal does not materially increase the surface available for 
adsorption. 
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TaBLE 24.—Precipitation of gold and silver on charcoals of different mesh 


| Activity | Capacity 
| Gold | Silver | Gold | Silver 
™csh of charcoal amare ce : 
—Preeipi- | EMi- | Preeipi-  EMfi- Effi- | ER 
tution ciency tation ciency ( Lae ciency | ce | aeney 
(per (per (per | (per per ton) (per per tou (ter 
| cent) cent) cent) cent) | cent) : CEL!) 
$< | ee oe 
| | ; 
rales Were se Tah! | 46.4 52:1 49.5 64.8 1, 196 81.2 FANT | 8° 
— Wit TOL Le. O84 (8.9 55. 2 | 72.3 1, 1% 80.8 54) BLS 
ee WOO ee cca caety 62.5 70,2 57.8 | joe 1,353 91.9 642 wa 
me TUN AU ag erases Sick 70,3 74.0 61.6 | 0.6 1,425 a6. ] CTF wd 
a Alea Pee en | 76.3 85.7 66.9 87.6 1, 435 97.4 HS] wd 
—%0+300. 000 222222-- R15 92.0 71.5 93.6 1, 444 98. 0 713 “3 
— 300. ween eee eee 80.0 100. 0 76.4 100 0 1,473 100. 0 725 | 100.9 
SONY Th hee hee ae 71.2 80.0 48.6 63. 6 6&1 46. 2 322 4.4 
Soa] |, |e eee eee ee een 79. 5 BY. 3 58.9 | 73. 2 837 56.5 372 13 


1 Pulverized dry 19 hours. 1 Pulverized wet 19 hours. 


The precipitation on the interior surface of charcoal can be demon- 
strated by loading a fairly large grain and then slowly heating it. 
If just. after the metal forms on the surface the charcoal is allowed to 
cool and is broken open, the interior part will be black and show 
no metal; but when the charcoal is again heated the newly exposed 
surface shows metal. After the complete burning of a heavily 
loaded charcoal a skeleton of metal remains. 

In view of the possibility of surface being increased, charcoal 
pulverized extremely fine was tried. The results are «also given in 
Table 24. One lot of the minus 300-mesh charcoal was pulverized 
wet, the pulp being just wet enough to flow, for 19 hours in a labora- 
tory pebble mill, and another lot pulverized dry in the pebble mill 
for 19 hours. The minus 300-mesh charcoal contained 2.2 per cent 
ash, but after pulverization wet it contained 43.2 per cent and after 
pulverization dry it contained 16.2 per cent ash, the increase being 
derived from the pebbles or the jar. Allowance was made for this ash 
so that the actual amount of charcoal used was the same in all tests. 

Instead of the efficiency being increased by the very fine pul- 
verizing it decreased surprisingly. The excessive ash present was not 
the apparent cause of this decrease, as the wet pulverized charcoal 
had more ash than the dry pulverized and gave better results. The 
authors suggest that the long period of pulverizing with an excessive 
weight of pebbles so changed the surface of the charcoal that it lost 
some of its adsorptive power. 

Excessively fine pulverization, apart from the diminished precip!- 
tating power, has two disadvantages—greater difficulty in filtering, 
and the larger ash content due to long pulverizing in the pebble 
mull. 

Manner of pulverization.—The use of wet pulverization to increase 
the precipitating efficiency of a charcoal has been widely discussed 
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(61, 62, 63, 66, 93, 98). A number of tests were made to compare the 
efficiency of wet and dry pulverized charcoals, the only factor varied 
being the manner of pulverizing. The results of these tests (Table 
25) fail to substantiate the claim that wet pulverizing is beneficial. 
It may be that in former comparisons of wet and dry pulverizing, 
the wet pulverized charcoal had been quenched, thus bringing in 
the additional factor of heating before quenching. : 

Another question is whether charcoal is better pulverized in a 
pebble than in a ball mill. Table 25 shows that pine charcoal may 
be pulverized dry or wet, in iron or porcelain, with equally good 
results. 


TABLE 25.—Comparative activity and capacity tests for dry and wet pulverized 
charcoals 


| 
| Dry pulverized Wet pulverized 


Charcoal 


Precipi- Load Precipi- Load 
tation (ounces | tation [| (ounces 
(per cent); per ton) |(per cent)! per ton) 


SEU REEEEEEEEDEnmenenmemmeen! Renmmansmmensasnanemmeemmmmnmeed Wamieanssuacemenemeenmeraamrneeaece Wammnteancamecrssee’ eee 


Pine, not quenched .............2....20220-2 22-2 eee 48.0 50.0 952 
Pine; GQuenCneds.csdcncve ees see ere tee tek wee 41.5 46.7 1, 002 
Pin’, OUtIside PorOn iwse cues each wo bees oe cea ecke sewees 40. 1 36. 6 951 
Pine Inside Porn sc eect rt eee one he on a Me ea Dales vee 46. 6 39. 8 938 
Pine, steamed at 900° C. 5 minutes..............22-2022-2 002-2. 82.2 77.0 1,496 
Pine, pulverized in porcelain..........2..2...2..2. 2.222 eee 55. 2 56. 2 700 
Pine, pulverized in iron. .....2 2.2.22 eee eee ee ee 55.5 53.7 630 
Burrell 50-minute, unquenched.............--2...--2----2- ee eee 56. 6 58.4 1, 533 
Burrell 50-minute, quenched. ..............2....--.2..0.2.----- 86. 3 92.5 1, 702 
70-minute Abhsorbite, unquenched ..........22.2.2.--0-.-22--2 20 58.1 66. 3 1, 553 
70-minute Absorbite, quenched -......2. 2.022 eee ene ee eee 04.1 04.5 1, 674 

AV CNG GCs. s2o eccdeeehoecsseg ose ese ceueci eerie cose! 60. 4 61.1 1, 198 


Chemical treatment of charcoal.—Interesting results (11, 12, 15, 
30, 57, 92, 97, 101) have been obtained as to the effect of chemical 
treatment of charcoal. Most of the results, however, refer to gas 
adsorption. 

Table 26 gives results obtained by the chemical treatment of 
charcoal subsequent to charring. Zinc chloride, nitric acid, and 
selenium oxychloride treatments seem to give promise of increasing 
the efficiency, whereas potassium cyanide, sodium sulphide, sodium 
hydroxide, calcium hydroxide, and sulphuric acid decrease the 
efficiency, although subsequent heating and quenching restore the 
original efficiency. 
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TABLE 26.—Effect of chemical treatment on charcoal subsequent to charring 


Activity | Capacity 


Substance used in treatment 


Precipi- Effi- Load Effi- 

tation ciency (ounces Cie Ley 
(per cent) (per cent)| per ton) |(per cent) 
bag en aa we aN Ss Se ss 
None, averuge of 6 tests._.-...--.-2-- 2-2 eee eee ee eee eee 61.5 100.0 945 10. 0 
CO gas} Bs 2 tes Sao a delet te hdres a Po cei Rt 82.7 134.5 7385 me] 
PCa ee oa eh ea et ee ee a eA te Nae hs 58.8 95. 6 ry ve. 2 
KC ys average of 2 tests3_.. 02 eee eee ees 64.7 105. 2 857 30.5 
Dy ee ice ett ee bie tad acetate ee True tes Maa tie eee 22.9 37.2 599 om 4 
DO ek ois ec Gs RS DNS ta Soe ct ete eh 32.5 52.8 640 (TG 
NaS, average of 2 tests 7-022 eee ee eee 53.8 87.5 932 &. 6 
Ba be oh es os tea ER ES Be a a I a a ren id 21.6 35. 1 B45 Fa 0 
DO 4s opted ce stages ted costed ss ieteae te eee names sates 40.8 66.3 S6Y | ra 2 
HNOs, average of 2 tests 7_.20 eee eee 76.0 123. 6 1, 113 10.8 
PEN Og sees oie eon ta hee ete cae eco eae em et 100.0 162.6 632 Tae 
DO See ee echo h see be ices sacse ado edsetaeceen toes veceeuay 15.9 25.9 541 Sta 
NaOk, average Ol 2 C818 Fie on oe ie Se wd eS 60. 4 96. 2 §43 ao 2 
NaOH tie codecs ere Sie ek ei ea 40.0 65.0 S35 f2 2 
DO ee eee oe oi ed a eh yt oes ed Soa ec woe eae 50.1 81.5 627 ff. 4 
peor pyernee Ol DGStS 86 ie cat 2s ge eee tas ee Ss 56.9 92. 5 851 3 2 
COCOE) 6 atest oe tie do ee isd iS been ats Mae aie es 29.0 47.2 665 TO4 
Dos pease ee eee Sh ye he anes ans ome Sean aietea ian 29.9 48. 6 658 | 705 
ZnCls, average Ol 2 GSIS 4 nc 5 6s oes eae be Oa ae 95.3 155.0 1, 022 10m 2 
RS ech oc ee hes Se OS Se Oe oh oO Ny Rin eo Aaa 78. 8 12. 1 697 73.3 
Do. WR he Mott BN Fe Pa aie fy te uae Ds rasta eden Pea asa OMe he aes 70.5 114. 6 67 71.4 
Ta aces Nae hel hd ciel Seto else ead aan eed 100.0 162.6 1, 158 1225 
DO hss ree see cas Sense enaseecenteccedessuaebaecaa boas 92.9 151.1 1, 181 124.0 
BS Ot soso oe ten eh tee hoe aun obese and dl oat. 36, 5 59.3 658 69.6 
FO oe eet ecu lane ca 5484 seeded ieaeck cee see he ee 73.6 119.7 703 74.4 
SeOC)s5 per Cent Foc osso sc eee esdetew eee tet ee cte eee ceets 100.0 162 6 2,029 | 104. 1 
SeOCls, 10 per cent 9.2.20 100.0 162. 6 2, 036 10% 6 
BeOCls, 100 percent "2s occ sav oy chen Suet nae eseeeusdic useneaec 100. 0 162 6 2, 108 113.4 
SeOC ls, 5 per cent 19.20 eee eee eee 100.0 162. 6 1, 460 OAS 
BeOC]),, 10 per cent 9) ee eee ee eee 100. 0 162. 6 2, 078 111.9 
8eOCls, 100 per cent oe eee eee eee 100. 0 162. 6 2, O62 111.0 

SeOCls, 10 per cent 8. eee 100. 0 162. 6 1, 843 Ya 


1 Passed through the charcoal {n the cold one-half hour; pulverized dry. 

3 ee charcoal in small lumps soaked 16 hours in 1 per cent solution, then heated, quenched, and pul- 
verize 

* Pine charcoal in smal] lumps soaked 16 hours in 1 per cent solution, then dried, and pulverized dry. 

* Pine charcoal in small lumps soaked 16 hours in 1 per cent solution, then pulverized wet. 

§ Saturated solution. 

6 Pine charcoal in small lumps soaked 16 hours fn 1 per cent solution, then heated 15 minutes at 900°C. 
cooled and treated with 2 per cent HCI solution. 

* Same as (°), but, after the HC] treatment, was reheated and quenched. 

* Sonked 15 minutes in 5 per cent solution, and washed. 

§ Pine charcon] souked 1 hour, washed, ‘dried, and pulverized dry. 

10 Pine charcoal soaked 2 hours, washed, dried, and pulverized dry. 

1! Pine charcoal soaked 1 hour in hot solution, washed, dried, and pulverized dry. 


A charcoal given proper heat treatment equals any of the chemically 
treated charcoals. Certain results obtained in the activity tests 
(in which a complete clean-up of the solution resulted) suggest the 
possibility of obtaining a charcoal with a greater capacity for silver. 

Activated industrial charcoals.—During the war the activation of 
charcoal for gas masks was very successful. The following activated 
industrial charcoals were tested for precipitation of gold and silver 
from cyanide: 

Burrell 40-minute and Burrell 50-minute, Burrell Technical Supply 
Co., Pittsburgh, Pa. 

145A—30-minute Absorbite, 155A—40-minute Absorbite, 156A— 
50-minute Absorbite, 157A—55-minute Absorbite, 70-minute Ab- 
sorbite, Barnebey Cheney Engineering Co., Columbus, Ohio. 

The seven foregoing charcoals had bright, hard, dense grains, finer 
than six-mesh. 
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Barnebey-Cheney No. 1, Barnebey Cheney Engineering Co., 
Columbus, Ohio. 

Super-Filtchar, Industrial Chemical Co., Tyrone, Pa. 

The two foregoing charcoals had soft, dull grains, finer than six 
mesh, mostly very fine. 

Barnebey-Cheney No. 2, Barnebey Cheney Engineering Co., 
Columbus, Ohio; this charcoal had bright, hard, dense grains, finer 
than 12-mesh. 

Suchar was a light, fluffy, and very fine material. 

Kelpchar was a light, rather fine material produced from kelp. 

Table 27 compares the results with those obtained in tests of pine 
charcoal that had been quenched and pulverized wet. The reader 
will note that the efficiency of the coarse grains was very low for both 
activity and capacity, undoubtedly because the pores were too small 
for efficient precipitation of gold and silver from cyanide solutions. 
When pulverized, these charcoals compare favorably with pine 
charcoal, and their efficiency is improved by heating and quenching. 
None of the results, however, was any better than those later obtained 
with pine charcoal that had received a sufficient heat treatment. 


TABLE 27.—I ndustrial charcoals compared to pine charcoal 


Activity Capacity 
Charcoal Precipi- Effi- Load Effi- 


tation ciency | (ounces | ciency 
(per cent)|(per cent)| per ton) \(per cent) 


Pin@ soccer e Saeed te esi Hou Oi eee assis 


48.7 100. 0 1, 363 100.0 
Burrell ao rabiute:* A eS esd Sng ck ree st cher ial cath tect Ae Ne ate de ee 3. 1 64 814 59.7 
Cee G3) aes] hie] ee 
Oe ozo Oo Batt en ett oo sheet t Beda ete eae . yal 25.8 
Burrell: s0-minute * 5 one a tee eae nig acs 9.0 18. 5 eau 73. 3 
oc SPER eae Seacrest ent here ern MEN OS PE RENT OOS, Set NOE TE ee 41.5 85. 2 1, 308 96. 0 
Bash an es adi aS cera ne tan SE ah Ne Brat seed teal Shan ee 80. 2 183. 2 1, 748 128.2 
Barnehy Co ASA eee ee eR aaa ee eo ee 28. 6 58.7 579 42.5 
a ee fe cece ne Ce Nrtaitar Ua torte Sane %1| os| Zoo] 1s26 
Barneby tae) Css'F,'e cepeany oe ocd one arn aeil t Ue ORE a Onan wna 31.6 64.9 799 58. 6 
BI Gt ke han ay NA pt CoN PN De Sy a oir faa Brine cma cach eaetiart 47.7 97.9 1, 254 92.0 
aS chaveta ops Desde tha eta AL ie ti se acl ithe tata coc tae 88. 1 180. 9 1, 590 “116.7 
Barnebey CoG A Wes Goel eee eS ek ee a Ce kek 8 29.8 61.2 774 56. 8 
_ Tika tae nk pee ic NDE Ph Gel ok i ee a> rH ; a6. ; 1 aie zt : 

* Rete Mia ctttrctins He et OS By a tae My a ee the che ee 181. 722 . 
Barnebey C. 187A). 22000 4.7 9.6 "798 Be. 5 
Ne Bete ntei a deind bia ames aals ahali ea teks une eAt ace ener 111. 1, 356 Ae 2 

One lis A Ae ds he tea Sk St oS nd Seo Nd le 1. 187 1, 802 32. 
ro-minute Absorbite 2... cose ee ee ee es news 10. 4 21.3 0 61.6 
OF t ie. ba OLS Med SIRS Ss bila eee e ems kta eit eee 62. 5 128. 3 1, 348 98. 9 
Oeics Seek wero cee teased nue Seeca tose see tcants 96. 1 197.3 1, 559 114.4 
Barnehey ONG A lon Gace tees Ge eek cates Son eu eees 23. 6 48.5 1, 048 76.9 
He Eiders eiaicniSs moo See eee ES ot tie ESE e oe Leet tS 48.2 99.0 960 70. 4 

hasan sup ac tadeenaatneneeacU sna susese eek ee 49. 1 100. 8 1, 248 91. 
Su per-Filichar er ee Serer a err ee eee ee ea eee eee 21.0 43. 1 1, 226 90.0 
DOP Sool pesca oe We ese eh ee este esa roaca we 61.1 125. 5 1, 356 90.5 
TO Fees cactus wean tet ee aoe 82.3 169. 0 1, 646 120. 8 
Barnebey Ce ON Ono ic eusuetun ded ote eee cee et ceed 7.5 15.4 753 55.2 
Ge ee har ee ees cede Pt la rere Meu hn as tas 24.6 50. 5 1, 1458 85.0 
W008 oe eee ee eae ai ee acetate de Se ces 88.7 182.1 1, 791 131.4 
10 Ceol 02 4 ae a ge nL NR ea Cn EMERY LE OER Paty Aree eed PRS 54.0 121.1 644 47.3 
DOS gas oes ee naac eames cecen ties cee uae 82.3 169. 0 1, 053 77.3 
Kelpchar DE OS eae aaa Cee aS ures a 1 a ay Neh date 15.3 31.4 261 19, 2 
DG e ke ote i tee ae Sit Gee te Stace eee 39. 5 81.1 853 62. 6 


1 Coarse portion only, over 16 mesh, not pulverized. 
: Pulverized dry to pass 200-mesh steve. 
tac and pulverized wet to pass 200-mesh sieve. 
oarse portion only, over 20 mesh, not pulverized. 
8 As received. 
6 Quenched only; not pulverized further. 
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SUMMARY 


Wood is a suitable raw material for making charcoal and, though 
the difference in the woods tested was small, the softer woods are 
somewhat better. 

Preliminary treatment of the wood before charring does not give 
promising results; hydroxides are actually detrimental. 

The size of the pieces of wood charred has no effect on the efficiencr 
of the charcoal. 

The most important detail in making charcoal is heat treatment 
accompanied by oxidation either with steam or air. The efficiencr 
depends on the total time of the heat treatment given during or sul- 
sequent to charring. 

Age (to one month) does not diminish the efficiency of pine char- 
coal. 

The evidence indicates that quenching does not increase the efl- 
ciency of charcoal; the apparent activation of the charcoal by quench- 
ing may be traced to heating before quenching. Quenching in certain 
chemical solutions has a good effect. 

The pores of pine charcoal at 200 mesh are readily accessible to 
the solution; finer pulverizing is of little benefit, and excessively fine 
grinding is detrimental. 

Dry pulverization is as effective as wet pulverization. 

The chemical treatment of charcoal seemed of promise in a few 
tests only. 

Industrial charcoals, if pulverized, are good precipitants, but they 
are not superior to well-made pine charcoal. 


EFFECT OF SUBSTANCES IN SOLUTION ON PRECIPITATION 


An investigation was made of the effects of substances found in the 
ordinary solutions used in cyanide mills, especially free cyanide and 
hydroxides. 

EFFECT OF VARIOUS SUBSTANCES 

In one series of tests with pine charcoal the solution contained 
1 pound of free cyanide and 1 pound of substance per ton. The 
results, arranged according to decreasing capacity, appear in Table 28; 
they show that usually an added agent somewhat decreases the 
efficiency of the charcoal although few seriously affect the capacity. 
Usually activity is good when capacity is good, but the opposite 
holds for iodine. The substances that are most effective in lowering 
the capacity of the charcoal for precipitation are generally also good 
solvents for the adsorbed salt—a natural result, since the solvent 
power counteracts the precipitating power (57, 66, 84, 93). 
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TABLE 28.—Effect of various substances in solution 


Activity Capacity 

| Surface 

tension 

Heent added Precipi- | EM- | gurtaco | Load | Effi. | (degrees 

tation ciency tension (ounces | cieney | per 
(per cent)|(per cent) per tou) |(per cent), square 
centi- 

| meter) 
Antimony chloride tli... eee 73. 4 116.9 | bene ass 1, 336 DOT eee cece 
Potassium arsenate__..2. 22. 2-2-222-2---26- 71.1 113.2 | ceaevteene 1,321 TINA le veeectecs 
Rotten wood 22000... eee 56. 5 DO Oo eee as 1, 251 Te Gia ees 
Potassium ferrievanide.....222.222222.--- 95. 1 151.4 73. 1 1, 174 105. 2 73.1 
Sodium persulphate.....222.2..-22.22-0.0-- Gs. 2 156. 4 73. 1 1, 171 1U4. 9 | 73. 2 
PANG OU G04 (8) ot Co | ce ae 87.1 138.7 |.l...2---- 1, 142 123 ince eset ee 
Copper sulphate............2. en yee 65. 5 104.3 73. 2 1,117 100.1 To. 2 
None, average of three tests. ....22222 228. 62.8 100.0 fol wcll ee 1, 116 100.0 73.0 
Ammonium chloride_..........222..22---. 75.7 TQ: Vee eth 1, 091 URS Lees eee 
Ammonium carbonate... ...202..2 222-22. - 60.3 MO eee ce eas 1, 065 MAS. 6 ane eB once 
Ammonium hydroxide..........-..---.---- 50.8 $0.9 |...-- 2. 1, 013 YO.S8 |. ---- 22 - ee 
ya 5 cee Eanes een eo a ee IE a ee 49.2 (8eo lok cesetcon 1, 008 OO Sieur Ue 
Potassium nitrite. ..22.20 022222 eee. 52.1 OP eee ate 1, 000 89.6 |ocsss cans 
Potassium nitrate. ....22.2222.2--------2-- 51.2 of aes 2 eee ea QY2 BSB he tut os 
Potassium chloride.....2.2..22222---- 2.8 47.9 1058 \oceeco ace’ 980 SS te eee 
Sodium chloride... ......220---.-2----2-- 45.9 TACT lace cwnes OST sh eee nae 
Potassium ferrocyanide.....2.2..2-.2--2-- 49.4 GBT Wo ete oe Pst 88.4 [oo elle 
Potassium cyanate..-.22.--.-.2----------- 48. 4 died lateeoccces ONO pe cence 
Sodium sulphate. _.......222020.0.2-2-22-6- 46.6 74, 2 | Bieeweeese 9738 ee | 5 eee 
Potassium sulphocyanate......--.-.-.---- 47.3 7 bo le ae ee ee 068 SOs leschen cote 
Suspended clay. _...-.-2222.-2--2---- 2 e ee 51.2 Slo acscwceces 958 B58 |. 2-2. 
Sodium carbonate... .....2.22222--2---6--- 42.3 67.4 73. 1 958 85. 8 73. 1 
Sodium silicate......22.22........-----.---- 50.3 80.1 ooo. l eee G16 S4.8 |... lle 
CU pri Chloride 2 itor ee ee eee ee 51.3 Sli ieee eae 93.5 BOB acecreacs J 
Potassium carbonate_.._......-.-.---.---- 44.3 0 es a eo 935 1S a 
Sodium peroxide... 2.2. 2...22-2--2 228. 41.6 G6. 2) an ccsceces Y22 BAO oced asics 
Pine wood ¢. 2.002222 ee eee eee eee 36. 1 5.0. (eece co oce es 8565 TOLL orate doses 
Potassium zincate_....-2..-.-.-2-...------ 38. 0 60.5 |......-.-- $2! Pe | See ne 
Bleach powder. ._...-....--------.-------- 52.3 83. 3 73. 1 700 62.7 | 73.1 
TRADE BCIG. cc boas saeadetoinesencetcee 2u. 9 47.6 73. 1 677 60. 7 73.1 
FONG soot has eta ts ee tie ne Rd 88. 8 141.4 73. 1 411 36. & 73.1 

1 Only partly dissolved. 1 Passed through solution during entire test. 
? Souked in solution one-half hour. 4 Soaked in solution 2'4 hours. 


EFFECT OF SODIUM SULPHIDE 


In Table 29 sodium sulphide, an excellent solvent for the gold 
salt, is shown to decrease gold precipitation. The effect of the 
sulphide on silver precipitation can not be studied easily, owing to 
the precipitation of silver sulphide. 


TABLE 29.—Effect of sodium sulphide in solution on the precipitation of gold 


Activity | Capacity 


Surface 

Sodium sulphide (pounds per ton solution) ae tension 

i po : Precipi- EfM- § Load Fffi- (degrees 

tation ciency | (ounces | ciency per 

(per cent)'(per cent)! per ton) (per cent)} square 

| centi- 

| meter) 

; | | 
NONE os duckene Ce duticca cole wSewisetewias 2el00 cates 52.1 100.0 1, 002 | 100. 0 73. 0 
Dee rae eee ete eee Bice, tt a et thee aed one 5.4 10.4 414 SS eae an ne eee ea 
Dota bara athe es at ss Pa necatiecces So See ahd cc 2.9 5.6 73 TS eeeesees 
MOR oS oe ees eta eee ete le eee teas 2.0 3.8 34 3.4 73.7 
| 
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44 GOLD AND SILVER FROM CYANIDE SOLUTION ON CHARCOAL 
EFFECT OF FREE CYANIDE AND ALKALIES 


That a solution containing free cyanide lowers the precipitation on 
charcoal, and that hydroxides have a depressing effect, are facts that 
have been noted (14, 35, 48, 57, 66, 67, 98). 

From the fact that free cyanide and hydroxides are good solvents 
of the adsorbed gold and silver salts, one would expect that they 
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SUBSTANCE IN SOLUTION, POUNDS PER TON 


FIGURE 6.—Effect on precipitation by cyanide, calcium hydroxide, and sodium hydroxide: a, Cya- 
nide capacity; 6, NaOH capacity; c, Ca(OH)s capacity; d, cyanide activity; e, Ca(OH)s capac 
ity: J, NaOH activity 


would also have a depressing effect on the adsorption. The effect of 
these agents was studied in a series of tests in which both the free 
cyanide and the alkalinity were varied. The results, given in Table 
30 and graphically shown in Figure 6, indicate that very low alka- 
linity has a beneficial effect, and that the depressing effect does not 
begin until the alkalinity passes 0.5 pound perton. It is also evident 
that sodium hydroxide is more detrimental than calcium hydroxide. 
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TABLE 30.—Effect of free cyanide and alkalinity in solution 


Pounds in solution Activity Capacity 


Precipi- : Load Effi- 
KCy |Ca(OH)s} NaOH ftion Geen (ounces | ciency 
(per cent) per ton) ‘(per cent) 


rr re | nen see | een, | eee 


eee error et Nae Ree ee ' 684 | 100.0 | 1,766 | 100.0 
O50 atncucuece '  6L7 90.2 | 1,435 81.3 
TOO) Nscatieiccalecstenenes ; 60.2 88.0 | 1,365 77.3 
Pi O5e lest oo. eae ccned 59. 8 87.4 | 1,337 75.7 
A500) fos ecole ecesuee 57.6 84.2 | 1,267 71.7 
1500) eepecceccd soatocaze! 60. 2 88.0 | 1,365 77.3 
1. 00 O15. losto ccs. 61.2 89.5 | 1,382 78.3 
1.00 p05 ase@encone 56. 5 82.6 | 1,362 77.1 
1. 00 | aa ae 51.5 75.3 | 1,187 67.2 
1.00 1:00 |o2ssce.es 49. 1 71.8 | 1,082 61.3 
100) Sooo eee 60. 2 88.0 | 1,365 77.3 
1.00 |....--..-. 0. 10 59.6 87.1 | 1,374 77.8 
1002 locas ete 35 53.9 78.8 | 1,353 76.6 
100) }aescescas - 60 50.8 74.3 | 1,312 74.3 
T,00\)-cseeoute: 1. 20 50.0 73.1 | 1,186 67.2 

Sere 50 |..........1 57.0 83.3 | 1,549 87.7 

45 80: lowes wesc 56.7 829 | 1,380 78.1 
1. 65 60S see ec alec 54.3 79.4 | 1,254 71.0 
3.35 BO leet ae 53. 5 78.2 | 1,270 71.9 

SUMMARY 


Few substances in solution have a bad effect on the precipitation of 
gold or silver on charcoal. 

Sodium sulphide in solution decreases the precipitation of gold. 

Free cyanide in solution decreases the precipitation of both gold 
and silver. 

Hydroxides in solution, when present in amounts less than 0.5 
pound per ton, increase the precipitation of both gold and silver, but 
when present in greater amounts decrease it. 


REMOVAL OF ADSORBED GOLD AND SILVER SALTS FROM 
CHARCOAL 


Tests on the removal of the adsorbed gold or silver salt from char- 
coal were made by amalgamation, by dissolving the adsorbed salt, and 
by electrolysis. 

AMALGAMATION 

Tests made to remove gold by amalgamation confirm the conclu- 
sion (18) that the gold in the ash from charcoal which has been used 
for the precipitation of gold from cyanide solution will not amal- 
gamate. 

A loaded charcoal was thoroughly washed, dried, heated to a red 
heat in a covered crucible for five minutes, and quenched. It was 
then ground wet in a porcelain mortar with mercury, but only a trace 
of gold was amalgamated. Reheating the same charcoal for an addi- 

tional period of 15 minutes and then grinding again with mercury 
gave the same result. Finally the charcoal was burned to an ash in 
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which metallic gold was plainly visible; the ash was ground wet ins 
mortar with mercury, but the gold entirely failed to amalgamaite. 

Sodium amalgam, ground wet for 20 minutes with a gold or silver 
loaded charcoal, removed about 10 per cent of the metals, but the 
results indicated that the sodium hydroxide formed during the tests 
had a solvent action on the gold and silver salts, as most of the dis 
solved metal was found in solution. 


SODIUM SULPHIDE AS A SOLVENT FOR ADSORBED GOLD SALT 


Since a number of tests have shown sodium sulphide solution 
removes practically none of the adsorbed silver salt from charcoul, 
only its solvent power for the gold salt will be considered here. 

The results of a number of tests in which 250 milligrams of loaded 
pine charcoal were given various periods of contact under varying 
conditions with 20 cubic centimeters of solution are given in Table 31. 
The results show that strength of solution has a greater effect than 
length of contact, whereas heating the solution does not increase its 
solvent power (except slightly with a weak solution), and does actually 
decrease it. 


TABLE 31.—Solvent power of sodium sulphide for gold on charcoal 


| | 
Per cent dissolved 


after— 
= : Surface 
Strength of solution eae Contact Sf 
(per cent NuaS) ges) (minutes) Condition of test Adsorp- | Precip!!+ 
aes tion from | tion frea 
cyanide | chloride 
solution | solution 
Oden Ahaha ee Larose as BO ONG ot osc tee nut y ow eck Ate he eto oe Bet heaas fae 
Si crand ahha ay ite ys tk 73.3 Bi [oc ONES Sect ONT tee Me Seas ete hee Sa 72.0 
WwOve er eto diets. 73.8 ‘le ere Oe is bieide et ew oka BE eee a yas ee 
DO. detec wees See rae! 74.3 ee Oe iecr ea ote ee Rene ee 81.5 es 
LA Beach evento pcba Mie | athe Boats 2 10 |...-. Oak the nh te de coat oe phe 62.1 fa 
aS dete tie Bie etn COCA Sake Wen en ds 10 |__._- (6 (0 eeect Peoria en ee et PLE ence ae ne 73.7 3.4 
Veen chet coset threes er te 10 |___.. (6 Fa eR en nnn ee One IPL ON ONE PMN, reties Ponte 80.5 24 
Oe oe ah se ye HN Fel A aan aD 10 }___.- CO cele a srore slats oS tears sai ah Mae Mote 85. 2 24 
lL. wegen 30 |.--.- CLO aes et fel ett OMe ne prt eM des fa 63. 1 4 
yah ehh ale Mca Ric dele nd, dt epee B30) seers (Oe ied ee Oe ed he et i hee 7. 0 24 
che ts ha reer se NS et col Moat eo nce oh SOW Ob ne os oo oo Bo me hrale cuca oate bane e ee 90.9 |_.._.... : 
VEO ees oa eee we ae Nae! BORE Old ee a a Shake tose la wel §3. 5 ie) 
DOs ee te tenes | oe et BO Ob ead o arene a at oka needa 72.6 |o02. 2... 
OO aint ateatcns ane Sint a Hin aed a ods aatucae SO COlde i c6 2. sence hak Gr eh te De oe SR. 2 1S 
De Oe a, act Aediaseet tee ett AB 2 |e ire hoc bM 80! | OHOb ocd eect Sect oats BME Lowel eed LAG, i Lanes ies 
5.0... 30: WC Ole nt oe cet ole ee he eee eee ois 93.1 |... --. 
OS cht the ay kek ea) ciate rin OOP AL Ole ste c cuss etret oe ta hee oe eet eg es 145 Oo es Ses 
| Oe aT SIA OS Gs OEE 60! Cold oe ees ae ee oo ee es vi | eee 
eens ee RR ee ae | |e a E 60 |... - NO coos tne dy setae te dena ttdnond 75.2 | Mh en cig oe 
TiO pnts ee hore oe ell mes Se 60 |_.-_- Os 2 Bie eeepc ee Se ge es ee 83.8 proeacetees 
De Skate Meh cee ieelaadeeeee|! “COD. toscis GOs oer eae ee 89. ] 


A test was made to study the effect of successive sulphide treatments 
with intermediate precipitations. A liter of a 2-pound cyanide solu- 
tion was prepared, containing approximately 0.30 ounce of gold per 
ton and 2 pounds of protective alkalinity per ton. One gram of pine 
charcoal was added to 400 cubic centimeters of the stock solution 


Go gle 


eT, 
0 eEEEE——EeEEE—EEe mn tc Nan ee es 


REMOVAL OF ADSORBED GOLD AND SILVER SALTS 47 


and given a 30-minute contact. Thecharcoal, after filtering and wash- 
ing, was added to 10 cubic centimeters of 5 per cent sodium sulphide 
solution, given a 30-minute contact, and then filtered and washed. 
The charcoal was again used to precipitate 200 cubic centimeters of 
the solution, and then subjected to a sulphide treatment as before. 
The cycle was repeated until there were four precipitations and four 
sulphide treatments. The charcoal, each solution from precipitation, 
and each solution from the sulphide treatments were assayed. The 
results in Table 32 show that precipitation in each case was good, 
undoubtedly because the charcoal capacity had not been reached; 
but the successive sulphide solutions dissolved constantly decreasing 
amounts, indicating that the charcoal would rapidly reach the limit 
of capacity and the point where no more dissolving would take place. 


TABLE 32.—Decreasing solvent power of sodium sulphide for gold with successive 
treatments 


Gold dissolved at 


Milligrams gold in— J each operation 
Newly ; based on— 
precipi- Gold 

tated precipi- | 

gold tated T 

milli- ar cent otal Newly 
Char- Solu- Total Scie (per cent) gold in | precipi- 


charcoal | tated Au 


a —\ ae 
coal tion 
(per cent)|(per cent) 


First precipitation.............-. 4.15 0. 03 4.18 4.15 99.3 Yr ae 
First dissolving.........-.-....- . 53 3. 62 | LD ap eee pe 87. 2 87. 2 
Second precipitation. pico dene 2. 61 .O1 2.09 | 2. 08 WE bo comvasnsabivasceéaca 
Second dissolving............-.- 77 1, 84 2.61 | ae * 70. 5 88. 5 
Third precipitation.._......__-- 2. 84 . 02 | 2. 09 | 2.07 | Ge ee 
Third dissolving... .....-.-....- 1. 36 1. 48 a ea 52, 1 71.5 
Fourth precipitation .-.......--_| 3. 38 . 06 | 2. 08 2. 02 Bi Ub Aan nec ancien tate aimee 
Fourth dissolving - - --.-..-.---- 2. 02 | 1. 36 3. 38 | ae 40. 2 67.3 


Even if the gold remaining in the charcoal after a sulphide treat- 
ment is insoiuble, it is reasonable to expect that the newly precipi- 
tated gold would show a constant percentage as soluble. This, 
however, is not the case, as is shown by the decreasing figures in the 
last column of Table 32. 

Why sulphide dissolves gold that has been adsorbed on charcoal 
from cyanide solution has been the subject of several discussions 
(57, 66, 67, 98); practical use has been made of the action in the 
re-treatment of a graphitic schist after cyanidation (70). 

The results of some experiments in which the loss of sodium sul- 
phide when in contact with pine charcoal was determined showed 
that the amount lost decreased with weaker solutions, but that the 
percentage lost increased with weaker solutions. This indicated the 
adsorption of sodium sulphide, although the rs can adsorption 
isotherm was not obtained. 
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VARIOUS SUBSTANCES AS SOLVENTS FOR ADSORBED GOLD AND SILVER 
SALTS 


Table 33 gives results obtained on the solvent powers of various 
substances for the adsorbed gold and silver salts. In the tests, 
unless otherwise noted, 250 milligrams of loaded charcoal were given 
a l-hour contact with 20 cubic centimeters of 1 per cent solution at 
room temperature, then filtered, and washed. The results are 
tabulated according to the diminishing solubility of gold. 


TaBLE 33.—Solvent power of various substances for adsorbed gold and silver salts on 


GOLD AND SILVER FROM CYANIDE SOLUTION ON CHARCOAL 


charcoal 

Surface 

tens.co 

(dv iIns 

Gold Silver per 

Solvent dissolved dissolved! square 

(per cent) (per cent)| certi- 

meter) 
(water, 73 

dynes) 

| 
Sodium perorid@:.. ccc vsce esti eseboaen Veh te in sweu ev eueee te eat lee es 27.7 16.§ 14.5 
Potassium cyanide, 2-hour contact __...-....-.-..---...2------- 2 eee eee - 16.8 $2.4 |e eeeee..s. 
Sodium hydroxide. _................2...--------. 2-2-2 ee eee eee eee ee 11.9 va dl eee 
Potussium hydroxide..............20.2.2 22. eee eee eee eee ee eee eee 6.2 9.5 74.4 
GUASSIUMY CVO: o2 oos eee te a eee ne a Sie ee BB ee 5.8 4, Ge. a ee 
Mercurie c¥anile Vec.. igo oon Ace ead cee vse eae sas vated eat 5.4 a eee 
DNL@TCUPIC TICE UBF os ooo ard hg he ata Ch I ok i ois ay A Ss eae ye As ide onl 3.1 49.8 .......... 
BACH PO WAG Festa tac tees rae Us Code ate ee en a eens tae 2.6 -0 | ae seeds 
Sodium bicarbonate _........---.------- 2. ee eee eee eee eee 1.7 os 
POU GSS MU Ge ci oe et eee te le oo eg LSA eon due aceucuaks 1.5 3.7 |-..-.-2-.- 
Calcium hydroxide, saturated -....-.-.--.--.22.--.-.-0----- 222 ee eee eee 1.5 Ce eee 
Mercurous nitrate 7...... 0. __. Bel ND as RES ete tec Satta hay iit lla D enna 1.2 62 8 roteteeee 
Barium hydroxide, saturated ..-----.----. ---e eee eeecencceeeeeneeeeeeeeee | 1.1 Os ee eos 
Sodium carbonate. -.---.-..---2.---260 oe ee eee ee sr Ageia tis tae fi 1.0 4.2 73.6 
AINTMOMIU TIANA Ti Giccc setae the ten 2 oleeetics wie ers tuc Seek te 9 ) a) Ne en 
SOON NiItfil@e. excess eee rN ann Ree ae nee eRe alee orate .8 Oe aes one 
Ammonium thiocyanate.....-.---2 2-02-22 ee ee ee eee ee cee ee 8 cent e eee eee 8 B.A saceeeins 
Sodium pyrophoshate.._....-.-.----. 2-22-22 nee eee ee eee eee eee eee ee 8 SON scoters 
Gold dust soup Dow (CP ic Aves eoueseI25268%e eee oiele a at aie Oe ce .8 SOreaneeeeee 
Picric acid, !2 per cent solution. ....-.----..----2.--.-.2------ 2-22 ee eee 8 -0 73.1 
Potassium ferrocy: unide ESN OT ae ee Ee ae yee Ne Pee -6 2.8 j--------.- 
Mercuric cynnide 2.0.0 2. 22 eo eee ee eee eee eee ene cece eee eesceceeeees .6 sO" cus eesnes 
Potassium nitrite.....-- eH de ath Pel ladles eok eas fad ted Niches an Ua Ns Pan toe NSN ds Te O .5 Oo oosetoe ek 
POCMIME CHONG. 2 c2et i aa hi ry Eien On te ee tcl ra Md ete .5 A ts eee 
Bromine 4..._......--...-. eee: hess d Seat Cue al att oe SPY Meek ee rho .5 CO eves: 
Sodium thiosulphate......---..------- ose Siesta cast ES oN Ses ated th ead ts oe tS 4 7.7 73.1 
SOU SUIPNIT@ occ et ee ey heeds el tenets du meutulae ences 4 p ay a eens 
FAVdrogeti ad onc coins 5s Ske ue Goat eee eae lew ae Serie ateon, wate Oia Ne oe erat .4 | on eee 
Ammonium chloride_.......--..--------------- seas geahinie a Coates ae iachteiehl oie eee ais 4 Oo Saisesase 
Ethyl alcohol, 2-hour contact ........0-.2---...-------2--2-e- ste Bide eee .3 1 Se tenis 
Aluminum potassium sulphate. ......-..-0...0-----02eceec cece cece eeeeeee 3 ay | 3] encores 
Potassium bichromate..........-----. Bh Py NG ey SEES Ta Chenier ane nce .3 Ft ene ere 
OPIN CRO ok dea ahaha Slate Ae oer on tre ets sated cece ede eA S he a a ees aa! 2 1.0 73.6 
Cn) Cin) CHOP dO ose ce tee steele ee oon elie eww len Goku ee So kcanee -2 .0 73.3 
Sodium persulphate......-..----- Sst ca ean suc e eae same seee cae 32 gO ceeescciws 
PUA TOD ic cts 2 oh ens Binet ph DO nd be Glee ehh a 2 ine alates cil a Rel Me Tas .2 .0 73.3 
Potussiuin ferricyanide......-.--.. --.- se Sct Ll) anion a ec hea UE ie i Sen ee .2 BOM wt athe ces 
DSi WaLer <5 oes ee te eka o due ne Hee es ee au en bees 1 1.3 |.- 

Nitric acid. ...-.----- Seated Pole” nce xl Eales SATs ler oe aire tana TA th .0 §.4 |_-..--.--. 
Ferric sulphate.....-2..-.222------ nde th gre oA nde) OS in ania Al a Tehe atest Mencalat a See .0 MA etre se 
Cappers phate: oee vs See ese weet elect eri sh eee tawoee <oketocis ce .0 $.9 lb aveecetee 
Acetic acid .. 22-22 eee eee SAS 8 See AGS 9G oN fete, Sees Pe ead a -0 1:4 c be eeecee 
Dead tare: cee oe eile ao - ei does eee ceeew ace emean etuterseetan .0 | a ee rea 
Ammonium hvdroxide, “2 hour CODTUNCE 6 22.25 Sean She eels cin do bedees -0 1.0 |.......... 
Ferrous sulphate... ..- she iinigs Rae aay Neds Binehee Seetatals ota See het -0 .0 73.4 
Bleach powder and sulphuric Ti ieee pe ett eaten SA Ae RE ERNE ete -0 .0 73. 4 
Armmonium Carbonate... 020.0 22. ee ee ee ee ee ee ee ee nee eee ee cwee .0 .0 73.5 
Pine Oils. sete ooeee os ewww ve ee eee hte Meg ites Vise ere A eat -0 Pa | on 
Potassium permanganate aeatiarch Boece Se ahs Aint Sash Shae Ae Pirtah ts Reh oe Sie 0 sO: lecacateess 
OU TUCO os serra Siesta tes ah oli Re Ms tt nd los Lh eh Ns dah Ce hich edna tia aah ahs .0 .0 73.5 
Hydrochloric acid... .-.--.--.--------- Meta ne tal to SEE Sone oS) Sone ene alot: .0 .0 73. 2 
SUI NUE Beil s ceca tet a eek eee elon ie Loehe Pes ebe race eee es -0 -0 73.1 


1 Made by adding NaCy to HgCl: until precipitate is just dissolved, 
? Nitric acid added to just short of dissolving. 
2 Made by dissolving Hy2Clain NaCy. 


( Five cubic centimeters saturated solution bromine with 15 cubic centimeters water. 


§ Gas passed through water emulsion. 
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It is noticeable that the cyanide solutions and alkaline hydroxides 
head the list for both gold and silver, and that acids are well toward 
the end. The solvent effect of sodium peroxide can be attributed, 
in part at least, to its alkalinity, because oxidizers do not seem to 
have any greater effect than reducers. The outstanding solvent for 
silver is mercurous nitrate. 

The effects of strength of solution, time of contact, and tempera- 
ture were studied with the most promising solvents. 

Effect of strength of solution.—The tests on the effect of the 
strength of solution in dissolving adsorbed gold and silver salts were 
made like those reported in Table 33, except where otherwise noted. 
In general the results (Table 34) show that increased strength caused 
increased dissolving of the adsorbed salts. With alcohol and am- 
monia a regular increase with increased strength is evident; with 
potassium cyanide and sodium hydroxide the increase diminishes 
with increased strength. 


TABLE 34.—Effect of strength of solution on solvent power for gold and silver 


rr a ep ee 


tension 
Strength | qoid Silver | (dynes 


dissolved | dissolved per 


Solvent 
een (per cent)|(per cent)! square 


Sodium carbonates. 2...0:22045.52564s seb eS eSeh do sese see sk eae sen 1 1.0 ye Ae eae are 
fs] 1.9 6.2 |.........- 

ACOLIC ACID assed cn woleweieen peutoset get ees enh beset 1 .0 1.4 68.7 
5 9 .9 §8.9 

PoOtassitim CYanide. 2.202 owes eee se cee See eek Heh eee 1 5.8 2.8 76.0 
5 11.3 &.0 77.0 

Potassium cyanide (2-hour contact). .....----.---..-.------+---- 1 10.3 36.3 76.0 
2 12 1 47.8 |.-.-22 2 ee 

5 13.7 50. 2 77.0 

10 23. 4 y pl ee 

25 25. 3 88. 0 80. 4 

Ethyl:@lconol soe 2c cscs sews ttectas aces deuce eeosee eset 2 6 1.8 65. 2 
25 3.0 4.8 37.9 

Ethyl alcohol (2-hour contact). ---...--.--.-----.--------------- 1 .3 1.8 72.7 
5 8 1.8 58.8 

10 LO (oneede accel ccusseence 

25 1.7 2.0 (sses2. soe 2 

50 22 3.0 2.3 

Ammonium hydroxide (2-hour contact)..-..-------- Se lehees 1 .0 108 eseeseuse 
5 5.9 ok ah Pee 

Ammonium hydroxide.............---------------------------- 1 .0 1.0 72.9 
2 .3 te es eee ee 

10 1.0 ye is Perera 

25 2.1 4.9 65. 4 

50 4.0 10.7 65. 2 

Mercurous nitrate (5 cubic centimeter solution) ...---.....---.-- bo .0 25.8 doc aaieecws 
1 .0 42.8 |......-.2. 

Sodium hydroxide (hour contact)_............-.-----.------- 4 §.3 8.7 73. 2 
1] 7.4 10. 6 73. 4 

5 12.8 17.5 76. 1 

Sodium hydroxide (l-hour contact).....--..------..------------ bah 6.3 10. 2 73.2 
1 8.9 12.3 73. 4 

§ 14.5 19.9 76.1 

Sodium hydroxide (2-hour contact)_...-.-----.-.-.------------- 4 7.1 Oo7 Vance eae 
1 9.8 12.7 76. 1 

i) 16.1 21S: lesen ewe ces 

Sodium hydroxide (4-hour contact)_....------.--------.-------- ly 7.8 a bop emo 
1 11.3 1.1 76. 1 

5 16. 1 20.6 |---------. 
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Effect of increased time of contact.—The dissolving power of sub- 
stances for the adsorbed salts increases with the time of contact, 
although this increase is not great, and there seems to be a limit 
beyond which no further dissolving takes place. This is particularly 
noticeable in the silver results, as would be expected if the dissolving 
action were disadsorption. Some results will be found in Tables 
34 and 35. 

Effect of temperature.—Since this investigation had shown that 
hot water had a solvent action on the adsorbed gold and silver salts 
in charcoal, the effect of hot water was studied, as was also the effect 
of heating other solvents. 

Solubility of adsorbed gold and silver salts in hot water.—Table 35 
gives some results of tests of the dissolving effect of hot water 
under various conditions. In these tests, with the exception of the 
last five, 250 milligrams of loaded charcoal were used. The table 
shows that water has little solvent power at temperatures below 60° 
C. Also, the time of contact and the amount of water used, up to 
a certain point, has some effect. Especially marked is the increased 
amount dissolved from more heavily loaded charcoals. 


TABLE 35.—Effect of temperature on solvent power of water for adsorbed gold and 
silver salts 


Condition of test Gold Silver | Surface 

Se et a ee ; ; tension 

a i a a (dynes 

Water Total ‘ Total . per 
ee Dis- : Dis “1 

ubie | Conta - - square 

Temperature es (h BuES) teal sol ved sol ved | centi- 

meters) Bt test |(Per cent) i test |(Per cent) | meter) 
ROOM 22 ues Wore oie decay eeees 20 1 7. 59 0.1 6. 82 1.3 | 73.0 
Boing Ges eae haewoe eet Ge 5 1 6. 71 §.2 2. 06 39 | 627 
5 5 |) eer ee ner ie rene Cree 20 1 6. 85 12.5 443 19:-5) ese. 
| bs eaeeaneeeta nt ree eon ar Sone eee 100 1 7. 46 7.8 6. 92 20. 5 |ereene ase 
ROG M a. 2anclite sate skis ee 20 % 4.44 .0 2 87 LS lores 
OPC ache reece ee soee 20 wo 4.43 4 2. 88 7 eee 
BOM, sito os er ded be ole cuss 20 \ 3. 98 10.3 1. 87 1 es ee ere 
BO ee eh ee 20 2 5. 85 3.2 4.75 £8) 667 
BOUIN ecco oes cee tek 20 2 3. 96 14.7 1. 82 7.7 j---eeeeee- 
Oc 0 Sree ea, ak beh re te 20 4 3. 94 17.0 2. (are 
44, 50 2. 1 22. 40 7) are ee meee 
80 to 1 22. 20 18. 2 11. 04 16.5 tstevscess 
DO veered oeecssesescee een} ram 2 16. OF 13.6 8.18 V5 2: cette inatnges 
charcoal 11. 18 7.0 5. 56 SB. cpeesvieae's 
5. 61 3.4 3. 92 i, ee 


As the dissolving power of boiling water decreases rapidly with 
decreasing loads, it may be assumed that repeated hot-water treat- 
ments would not be very effective. This point was verified by a test 
in which five hot-water treatments were given. Five grams of gold- 
loaded charcoal were given a one-hour contact with 400 cubic centi- 
meters of boiling water, the water filtered off, and the charcoal given 
a second treatment with a like amount of boiling water for another 
hour. This cycle was continued for five successive treatments; then 
the final charcoal and the five water washes were assayed. Table 36 
shows the results. 
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TABLE 36.—Solvent power of hot water for adsorbed gold salt with successive 


treatments 
Milligrams gold in— Per cent dissolved 
Hot-water treatment ss ae 
Charcoal | Solution | Total treat: treat. 
ment ment 
Pipsticcdct se lee eee eed rn eet hot eas 84. 41 12. 04 06. 45 12.5 12.5 
Second _....-. sees oeteg oh s Sates vaca oe tite ss reine hate 81.32 3. 09 84. 41 3.6 15. 7 
Third. 2-22 2... ehh ot Hh Weta eis era aloha ee ta titan Ae 80. 97 . 39 81. 32 4 16.0 
Peolrtne 2s oe cds tet Cae 2h SRS eS cei a see A a 80. 91 . 06 80. 97 Pe | 16.1 
Bittle 20. Ss Sek eckiete lei ve ose eee deed Sow eee oe 80. $8 . 08 80. 91 .04 16.2 


Ralston (58) has called attention to the fact that if a solution is used 
which is capable of dissolving the adsorbed salt, the values would be 
washed out; but the total removal can be accomplished only with an 
infinite number of washes. The results of the test do not indicate that 
this would happen with hot water, as the amount dissolved rapidly 
approaches zero while a large amount of gold is still in the charcoal. 

As hot water has little dissolving effect while its temperature is 
below boiling, it would be interesting to investigate the effect of boil- 
ing water under pressure. 

Solubility of adsorbed gold and silver salts in boiling solutions.—Table 
37 gives the results of tests with hot solutions of substances that were 
good solvents at room temperature. In these tests 250 milligrams of 
loaded charcoal were in contact with 20 cubic centimeters of 1 per cent 
solution for one hour, unless otherwise noted. The results show that 
usually the hot solutions dissolve more of the salt than the cold. That 
heating solutions of mercurous nitrate and nitric acid does not in- 
crease their dissolving power for gold is due perhaps to chemical 
change. The amount of adsorbed salt dissolved by a heated solution 
is much greater than the sum of that dissolved by a cold solution and 
by hot water. 


TaBLE 37.—Effect of temperature on the dissolving power of solvents 


Surface 
tension 
Gold Silver (dynes 
Solvent Temperature (per cent | (per cent per 
dissolved) idissolved)} square 
centi 
meter) 
M ercuric cyanide. .....222.-.--.-.-. ROOT. is scene cee tt Cre Bc 0. 6 OO Seis eee 
hs, Sepia Pe Steric mtn ds Ste Manel eee PATTING 2 oles ad gas rae se ed ae aed oe 12.5 22.3 |... 1. ee 
Merce orn DICTA us i See et TOO 22 .oe ts ankt tt ee Ai he a eS 1.2 62. 8 73.6 
Oss te ie brea oe a ditedea nes POM WIR a hers Sat ee eae 1.4 93.7 63.0 
Meercurous nitrate, 40 cubic centi- 
THOUOrSe oe eee ao le asl eee G05 2932352 ies Seo bes .5 94.3 63.0 
Byte t OIG ire ak esol Aoki PROT csi cei ooh cette eS cast atts Sa .0 5.4 73. 4 
ida Laat agai Lae Me taG a tener ons WOU 262550040 ate alee tg reel oe me | 88.0 63. 8 
Sodium hydroxide. ..._...-..----.- Lg hour, room. ............ 0 .-2------ 7.4 10. 6 73.4 
DO ses ee it Dee 14 hour, boiling. ~..__...--.2-2_--- : 46.3 59. 6 63. 5 
DO Sh Bese r eat ou ee Shee I AOUP, TOON. oo. cus Sod eta eee econ 8.9 12.3 73. 4 
DO secrete ec a eeuee ene ate l hour, boiling. ......2222222220002-- 50.3 64.5 63. 5 
DO cies ee ee eee 2 hours, room. ........22--.-2---2-4-- | 9,8 12.7 | 73. 4 
DG ee ab ten eee 2 hours, boiling.......-.-...-.-.-...- 50.0 61.6 63.5 
D One 226 vest Poco te eee 4 hours, room. .......-..-.-.-------- 11.3 13. 1 730 4 
D0 2 fon caGe it haeencehs den 4 hours, boiling. -..........2-2-..-- a 50, 7 61.3 63. 5 
Poeun cyanide, 1 per cent..._.. IR GOUD fos acts ed aes Ske as 17.0 32.4 75.0 
Te Sine ctle tate te GEL 0 ie tenth © WON Rss cole ho er Ss el alte 5 65.7 88. 4 64.5 
Poactim cy anide, 5 per Cent... .. GMO: seca e coc bese Son cas eee be eee 23. 6 52.5 77.0 
DOesc kee oe i a Boiling......-2-.------------- ipectatseae fie 64.8 87.8 66. 4 
Potassium cyanide, 10 per cent... _. Room__......- ihe sat RS See sagt a teh 31.5 H..0 | 78.0 
6 eae Nn narra Ey ROWINE, semeese tone 2 fsecee ane ee ee 933| 69.3 
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Solubility of adsorbed gold and silver salts in successive hot cyanide 
solutions.—As there was only a small difference in the dissolving effect 
with hot cyanide solutions of different strengths, a test was made 
to determine the result of a succession of low-strength hot cyanide 
washes. One gram of a gold-loaded and 1 gram of a silver-loaded 
charcoal were each placed in a filter and wet with water. Ten suc- 
cessive charges of 40 cubic centimeters of 0.1 per cent boiling cyanide 
solution were passed through each filter, the charcoal being cold at 
the start; each successive solution was assayed, as well as the final 
charcoal; no wash waters were used. The results (Table 38) show 
how the gradual heating of the charcoal affects the rise of extraction 
in the first four gold solutions. The gold load on the charcoal was 
reduced from 721 ounces to 69 ounces, and the silver load from 593 
ounces to 30 ounces per ton. These results indicate that further 
treatments would not have greatly increased the gold extraction. 


TABLE 38.—Dissolving adsorbed gold and silver salts from charcoal with successive 
hot weak cyanide solutions 


Gold Siver 


Milligrams gold | Per cent dissolved | Milligrams silver | Per cent dissolved 


Treatment | 


: Individ- : Individ- 
In solu- | Left in In solu- | Left in 

ual treat-| Total ual treat-! Total 

tion charcoal ment tion charcoal ment 
First................. 1.00 mR. 74 4.0 4.0 6.94 13. 40 34.1 41 
Sceeond 1. 64 22.10 6.9 10.7 3. 64 9. 76 2.5 52.0 
Phitd: conc. ne es 1.55 1), 55 7.0 16.9 2.47 7.29 25.3 fA.2 
Fourth 2.65 17. 90 12.9 27.6 | 216 5.13 29.6 74.8 
Fifth... 2.31 15. 59 12.9 37.0 1.35 3.78 26.3 1.4 
Sixth... 1.89] 13.70 11.5 44.6 | 197 2 81 25.7 8.2 
Seventh 1. 42 12. 28 10.4 50. 4 | 7h 2.06 2.7 80.9 
Fighth............ 117! 441 9.5 55. 1 | "42 1. 64 20. 4 w 2 
Ninth............ ... 1.02 10. 09 9.2 59.2, _34 1.30 20. 6 OL} 
Tenth 86 0, 23 8.5 62.7. 27 1. 03 20.6 | 95. 4 


ELECTROLYTIC REMOVAL OF ADSORBED SILVER SALT FROM CHARCOAL 


Several investigators (29, 36, 41, 46) have worked on the electro- 
lytic removal of gold from charcoal, but no definite results are 
available. 

Table 39 gives the results obtained in a number of tests to recover 
silver from charcoal electrolytically. Two methods were tried. In 
one method the loaded charcoal was packed tightly in a porous cell 
that contained a carbon electrode; in the other method the charcoal 
was mixed with the electrolyte and allowed to settle onto a carbon 
electrode. In both tests a platinum cathode was used with a direct 
current of 7 volts. When the charcoal was simply packed in the po- 
rous cell and placed in the electrolyte, no removal of silver salt took 
place unless the charcoal itself was made the cathode by a reversal of 
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the current previous to the regular operation. The results of these 
tests are unsatisfactory with respect to electrolytic removal. The 
results indicate that the electrolyte acted simply as a solvent for the 
adsorbed silver salt, and that the silver was then deposited electrolyti- 
cally. This would account for the deposition of silver when the char- 
coal was not confined in a porous cell, and may also account for the 
fact that when the charcoal is confined in a porous cell a reversal of the 
current is necessary before results are obtained. In the sixth test, 
20.2 per cent of the silver was deposited when a cell was used without 
reversal of the current; in this test, as the charcoal was mixed with the 
electrolyte and then filtered through the porous cell, all the silver de- 
posited was probably in solution before the current was applied. 
That a sulphuric acid electrolyte proved effective after a preheating 
of the charcoal may be attributed to the formation, during the 
heating, of metallic silver, which subsequently dissolved in the acid. 


TABLE 39.—Electrolytic removal of adsorbed silver salt from charcoal 


Total time of— Distribution of silver— 
tas Left in Deposited on Left in 
Electrolyte charcoal cathode electrolyte 


Reversed | Depo- |, coal 

current | sition |(grams) SSS 

(hours) |(hours) Milli- | Per | Milili- | Per | Milli- | Per 
grams | cent | grams | cent | grams | cent 


rrr ng ern fcc a ef 


Cell_...--.-- 14 2 10 | 2 percent NaCy_| 36.90 | 86.7| 4.68] 11.0/ 099| 23 
Po._.... 3 3 10 | lper cent NaCy_| 143. 56 86.6 21. 58 13. 0 20 .4 
Do. 1 1 10 | 1 per cent NaOH} 140. 68 98.0 1. 2B .9 1. 65 1.1 

Beaker._.--. None 6 10 | lpercent NaCy_}| 91.491 65.0] 48.49] 34.5 .70 .5 
Do. None 5 10 | lpercent NaCy.| 73.49 | 803] 17.24] 189 -76 .8 

lpercent NaOH 

Cello. 2ce22 None 2 110] lpercent NaCy.}] 58.65] 79.8] 14.84] 20.2 . 00 .0 

Beaker_. None 1 Bol soon do_.....-----| 30.10 79.7 4.10 10.9 3. 56 9. 4 
Do.. 1 1 8 | l percent H2S0O,_| 30.10 | 100.0 .00 .0 . 00 .0 
Do___.-.! None 2 1B]... OO eo caicces 11.60 | 38.6 9.28 | 30.8 9.22 | 30.6 
DO-cu.a% None 2 @ | 1 percentNaCy.| 8.97 | 77.3 2.73 | 22.7 | Trace .0 


1 The charcoals in these tests were heated to red heat in covered crucibles for 15 minutes and allowed to 
cool before the test. 


SUMMARY 


The removal of gold or silver by amalgamation was not successful, 
either from the adsorbed salts or after their change to the metallic 
form. 

With sodium sulphide, virtually all of the gold, but none of the 
ailver salt, can be removed from a loaded charcoal; stronger solutions 
and longer contact give better results; heating the solution does not 
help; its dissolving power decreases rapidly with successive treatments 
and intermediate precipitations. 

Usually a substance that dissolves the adsorbed gold salt also dis- 
solves the adsorbed silver salt; the outstanding exceptions are sodium 
sulphide which dissolves the gold salt only, and mercurous nitrate 
which dissolves the silver salt only. 
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As a rule, hydroxides are more effective than acids in dissolving 
both the adsorbed salts. There is no marked difference between 
oxidizers and reducers. 

With few exceptions, the dissolving power increases with longer con- 
tact, with stronger solutions, and with increased temperature. 

Although boiling water is a solvent for the adsorbed gold and silver 
salts, after the first hot-water treatment only a small part of the 
remaining salt is soluble in boiling water. 

Hot cyanide solutions are effective solvents for the adsorbed gold 
and silver salts; low-strength solutions are almost equal to stronger 
solutions in effectiveness. Successive treatments with hot low- 
strength cyanide solutions give good results. 

Attempts to remove electrolytically the adsorbed silver salt from 
charcoal indicate that the salt must be dissolved in the electrolyte 
before it can be deposited on the cathode. 


LOSS OF CYANIDE IN CHARCOAL PRECIPITATION 


That a loss of cyanide occurs when charcoal is used as a precipitant 
has been generally recognized (14, 18, 22, 23, 27, 28, 34, 38, 66, 72). 


The average loss noted in 34 
H-+ Reese Ss precipitation tests was 6.8 milli- 
eee eee) cee 


grams KCy per gram of pine 
charcoal. The solutions aver- 
aged 3.56 pounds KCy per ton 
before precipitation, and 3.46 
pounds after precipitation with 
2 hours 26 minutes average 
contact. 
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LOSS DUE TO ADSORPTION 


A brief study of the loss of 
cyanide on charcoal revealed 
that the loss increased with 
longer contact and with 
stronger solutions. 

The relation of the loss of 
z 3 § 6 7 8 93 10 . . 

BOUNDS KCN PER TON SOLUTION cyanide to time of contact and 
ROURS “CONTACT strength of solution is shown 1 
Froune 1—Las ofeyaideincotact with chara "Table 40, which gives the 1 
a, Varying strengths of solution; 6, varying contact sults of a series of tests with 2 
Does grams of pine charcoal and 
200 cubic centimeters of solution. To eliminate the natural decom- 
position of the cyanide, blank charges were carried in parallel 
throughout. The average cyanide loss for time of contact and 
strength of solution is plotted in Figure 7. 
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TaBLE 40.—Loss of cyanide in contact with pine charcoal with varying time of 
contact and strength of solution 


KCy (pounds per | KCy lost 
ton) KCy loss} per gram 
Time of contact (hours) ___—“‘t‘sS™SCSCSCS «(pounds | charcoal 
; per ton) (milli- 
Blank Test grams) 

BG) oe aps eGo ol are re es oO eae Me 2 eet setae bat 1. 00 0. 90 0. 10 6.0 
DO wade aie fareites a Gcdaea Baha ee aunn Weta LA ahs octane inte Mee ate otter ae 1. 00 - 90 -10 5.0 
OS tee toe tenn igen ek ee nat State Nea ated hata . 95 15 -20 10.0 
D2 sapien Seaweed ie a saa a aa Onset Lie sees . 95 - 75 20 10.0 
DS oe SOS iit tte hacia coal tela beeetah tis oe Sule at hee cee moe Da cate 1.95 1. 85 10 5.0 
DD keeles Seis oot ee bk Oe eas bere ew tec 1. 95 1. 80 15 7.5 
OS ccc kt so heat Boos te Seco tee Teta othe nde eet ota tee BOS 1. 95 1. 60 35 17.5 
Gs sees en anid Sete Sahl momaiiuins yun ade Oo elo oe eee aes 1. 90 1. 60 30 15.0 
Nees ct ot Scene iat cert ote ae oa as ced Ra aa oad te hl 2. 95 2. 80 15 7.5 
20 Sete ee fhe heath EO te atl el pte er Ne A, 4 fal Sita es bed 2. 90 2.70 - 20 10.0 
OBe satin eit gett ate ie ea nat ee oe ee 2. 95 2. 55 . 40 20. 0 
G2 es ose cates este Wee Bete cee ade ee esd tien 2. 90 2. 50 - 40 20. 0 
Tor tece So Aains Sook wore Guo ae i Ole Baers ae ece lees 3. 95 3. 75 .20 10.0 
Q0 sori See FPS ee See eee Pa eee aS, eee 3. 90 3. 60 . 30 15.0 
O80 ele Mae bot eee cee ee bet at ate eg eS ao 3. 90 3. 50 - 40 20. 0 
OZ owns eked ee A ee ee ie Se eee See es onde eS SS aa 3. 85 3. 40 . 45 22. 5 
a ea a eh cine att ee Crete 4.95 4.70 25 12.5 
20 eet bt eases Sere Sahat ee 2 pars Oe Opa A ate a oa 4.90 4. 55 35 17.5 
GS ox sere treo vee ete Gabe eed oh aad Be oe ote cl Be 4.85 4. 40 2 45 22. § 
QQ 8 Sek Sie eee MPa eS a ae ee a Rete Ae ate hae 4. 85 4. 40 45 22.5 
| a Re ee a eee OE, en ean Eee 9. 90 9. 55 35 17.5 
DO sere care Sekeeeatss ice Behe Ree: i a at Pte Lah OS es a Rca NWcds ys Oo 9. 80 9. 30 - 50 25. 0 
Oe 2 Beal oiek els aie BO nes Gk hd alo ede, Aa bdo Chas Bots beens Aa 4 9. 90 9. 30 . 60 30. 0 
Qo osha oe a heart chen Nae a eS ode arte Cie ee otok ee tA) Gadd os. 9. 90 9. 20 . 70 35. 0 
ACCPAGE Gs fine ceie oe eeed Mites Meanie ana ane ek Meee tee lea eee ae 0. 192 9.6 
ANOTARO (20 cots Aig o5 toe Ae ee cane Soe Bete Disses Wiad wa a Wh ks etal ees hrs eels 8 267 13, 4 
Average, 68_._...------.------------ enciie Lele ra gre 4 sph Bebe cance ane Se cd ee eee . 400 20. 0 
AVERAGE, U2) oo ond tea dedugesh eel escee swe ae devel Sak. Ganctouh delta peeaieet teers Lei atcha 417 20. 9 
Average, 1-pound solution........--..--.-..--------.-2------------ seatbelt estate: “anes oh 15 7.5 
Average, 2-pound solution.._...-.--..-.--.------------ 22-2 eee eee ee sates . 225 11.2 
Average, 3-pcund solution.....-.-.--.------ a ilecieiae ties a. Bae senate d il Sateen nat, . 287 14.4 
Average, 4-pound solution..__. Gees Cota Acie tee ee eee ated ose ee eeee cis Bers 337 16. 8 
Average, § pound solution... -_-. - - Gat hes Si teinton Wanda aera a Chak Oe Ba des en aes 375 18.7 
ANeruge, 10: pound Solutions. 62.23 « 2206s “Sede eae eundoes st eae eases eases tidece eset . 537 26. 8 


Table 41 gives the average of four series of tests made with solutions 
of different strengths. In these tests, 2 grams of pulverized pine char- 
coal were given 92 hours’ contact with 200 cubic centimeters of solution, 
and blank solutions were carried in parallel. These results show that 
the actual amounts of cyanide lost increased but the percentage lost 
decreased with stronger solutions, thus following the adsorption law. 
Furthermore, by plotting the logarithms of the amounts of cyanide 
lost against the logarithms of the amounts of cyanide left in solution 
at the end of the tests, a straight-line isotherm, as given in Figure 8, 
is obtained. 


(So gle 


56 GOLD AND SILVER FROM CYANIDE SOLUTION ON CHARCOAL 


TABLE 41.—Loss of cyanide on charcoal with solutions of varying strengths 


Milligrams KCy— 


In solu- adsorbed 
In blank | tion at Tost or 
at end of | end of jadsorbed| cent) 
test test 


. 6 64.5 15.1 19.0 

172. 4 152. 1 20. 3 11.8 
266. 8 242.9 23.9 9.0 
392. 5 365. 1 27.4 7.0 
525. 1 495.9 29. 2 5. 6 
1, 004. 2 966. 1 38. 1 3.8 
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1.8 2.0 2.2 2.4 2.6 2.8 3.0 
LOGARITHM OF AMOUNT OF KCN LEFT IN SOLUTION 


FIGURE 8.—Adsorption isotherm of potassium cyanide on pine charcoal from varying strengths 
of solutions 


LOGARITHM OF AMOUNT OF KCN ADSORBED ON CHARCOAL 


REGENERATION OF CYANIDE FROM CHARCOAL 


Attempts to remove the adsorbed cyanide from charcoal were not 
successful, although a number of methods were tried. The results 
are summarized as follows: (1) The ash from the burned charcoal 
yielded no free cyanide; (2) fusion of the charcoal with sodium 
hydroxide or sodium carbonate yielded no free cyanide; (3) complete 
burning of the charcoal with sodium hydroxide or sodium carbonate 
yielded no free cyanide; (4) grinding the charcoal with dilute sodium 
hydroxide yielded no free cyanide; (5) picric acid displaced no free 
cyanide; (6) treatment of the charcoal with sulphuric acid under 
vacuum yielded no cyanide; (7) sodium sulphide did not remove 
free cyanide from the charcoal; (8) sulphureted hydrogen removed 
39 per cent of the adsorbed cyanide as thiocyanate, not as free 
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cyanide; (9) a boiling solution of 1 per cent sodium hydroxide 
removed 5.5 per cent of the adsorbed cyanide as free cyanide, and an 
additional equivalent of 3.7 per cent as other than free cyanide. 

A gold-loaded charcoal that contained 15 units of adsorbed cyanide 
and 65 units combined with gold was treated with sulphuric acid, 
and heated. No free cyanide was recovered until a large excess of 
acid was used with continued boiling for 30 minutes under vacuum, 
and then only 10 units were recovered. No adsorbed cyanide had 
been recovered in a previous test by this method, a fact which sug- 
gests that the cyanide was recovered from the combined cyanide. 

Regeneration of cyanide by use of sodium sulphide with charcoal.— 
In using sodium sulphide under certain conditions with charcoal in 
the precipitation of silver it was found that free cyanide was regen- 
erated. This result, however, can be traced to the sulphide as a 
precipitant, and not to the removal of adsorbed cyanide from the 
charcoal. Apparently there is here very little or no adsorption on 
the charcoal of free cyanide from the solution. Table 42 gives results 
of tests in which 1 gram of pine charcoal was used. In the last test 
when the amount of sulphide used is equal to the theoretical require- 
ment for the precipitation, the regeneration of the cyanide is prac- 
tically complete, and no cyanide is lost by adsorption. 


TaBLE 42.—Free cyanide in solutions when Na,S was used with charcoal 


Solution after pre- 
oe of 
KCy (pounds) 


Solution for precipitation Sodium sulphide 


Solution | Na28 (milligrams)— 


Cy 
(mile ECF | cubic — con 
grums) centi- | Per cent | precip- peril tained 
meters itate 
Ags 
253 None. 100 0.5 92 500 
441 0. 35 170 5 160 850 
250 235 100 05 YI 5 
118 95 8 5 43 40 
SUMMARY 


The loss of cyanide from a solution in contact with charcoal is 
evidently due to adsorption. 
_ Attempts to remove adsorbed cyanide from charcoal were not 
successful. 

When sodium sulphide is used as a ‘‘fixer,”’ cyanide is regenerated 
and does not seem to be adsorbed by the charcoal. 
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PRECIPITATION OF LOW-GRADE AND MILL SOLUTIONS 


Although the work done on the precipitation of low-grade and 
mill solutions was small, the tests made indicate that the precipi- 
tation of gold on charcoal can be easily and rapidly obtained from 
very low-grade solutions. The precipitation of silver from the solu- 
tions is slower and the capacity of the charcoal is less. 


AGITATION TESTS 


Synthetic solutions.—Two liters of solution were prepared, con- 
taining 0.30 milligram of gold as AuKCy, (equivalent to 9 cents per 
ton), with no free cyanide or alkalinity. This solution was given 
a 1-hour contact with 5 grams of 100-mesh pine charcoal (5 pounds 
of charcoal per ton of solution). 

One liter of solution was prepared, containing 3.16 milligrams of 
silver as AgKCyz (equivalent to 0.09 ounce per ton), with no free 
cyanide or alkalinity. This solution was given a 1-hour contact 
with 5 grams of 100-mesh pine charcoal (10 pounds of charcoal per 
ton of solution). 

In both tests all the tail solution was assayed; the results appear 
as test A in Table 43. Although this precipitation is complete, the 
amount of charcoal used was large and the time of contact was 
long. 


TABLE 43.—Precipitation of a low-grade solution with charcoal 


Contact Charcoal Milligrams metal in— | Load on Precipi- 
Test (min- (pounds |_| charcoal | tation 
utes) per ton (ounces (per 
solution) | Charcoal} Solution Total | per ton) cent) 


SRI erence = [peer er UE EEEEEEEEEEEeet (ameenenneee aed 


A. Gold Sa ee eee eee 60 5 30 Trace. 0. 30 1.8 100. 0 
AL SUNG? . 220 oeh oe sec ee cc 60 10 3. 16 Trace. 3.16 18. 5 100. 0 
B. Gold eee Na centne Bele’ she Ble zt Nea a 5 l 36 Trace. 6 10. § 100.0 
Bo SUVOl ce eon he bog 7 2 2 08 0.83 291 60.7 71.5 


Therefore two tests were made in which the charcoal and time of 
contact were materially reduced. Two liters of gold solution con- 
taining 0.36 milligram of gold (equivalent to 1014 cents per ton), 
with no free cyanide or alkalinity, and 1 liter of silver solution con- 
taining 2.91 milligrams of silver (equivalent to 0.086 ounce per ton), 
with no free cyanide or alkalinity, were used. One gram of 100-mesh 
pine charcoal (1 pound of charcoal per ton of solution for the gold 
and 2 pounds per ton for the silver) was used in each solution. In 
both tests the charcoal and the solution were mixed and then filtered 
. at once; the maximum time of contact given with the gold solution 
was five minutes, and with the silver solution seven minutes. The 
results (test B in Table 43) show that the precipitation of gold was 
rapid and the precipitation of silver was much slower. 
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Mill solutions.—Two liters of a mill solution that assayed 0.11 
ounce of silver and 0.0013 ounce of gold per ton, and contained 
0.013 pound KCy and 0.004 pound protective alkalinity per ton, 
were agitated with 1 gram of 100-mesh pine charcoal for 1 minute; 
another 2 liters were agitated for 10 minutes, and then both were 
filtered. The maximum time of contact was 10 minutes and 30 
minutes, respectively. The results (Table 44) show the benefit of 
longer contact with the charcoal. The precipitation of silver is so 
slow that longer contact, more charcoal, or a countercurrent precipi- 
tation is necessary. 

Further tests showed the same results. Although the precipitation 
of gold was very rapid and complete, the precipitation of silver was 
not satisfactory unless the contact between the charcoal and the 
solution was prolonged. 


TaBLeE 44.—Precipitation of a low-graae mill solution with charcoal 


Time (minutes) Milligrams metal in— 
Load on 
charcoal 

(ounces 

per ton) (per cent) 


Agitation Mesmam Charcoal! Solution 


G OV Seek icons Sreke es deeds ten 1 


10 0. 09 Trace 2.6 100. 0 
SiUVOPs ote tse scored Pe Pen een 2. 56 4. 63 74,7 35, 6 
Gold cts sabi Seatac 4) 10 | 30 09 | Trace 2.6 100. 0 
Silver 3. 33 3 97.1 48. 2 


THREE-STAGE PRECIPITATION 


The difficulty in obtaining good precipitation of silver from low- 
grade solutions suggested three-stage precipitation, in which the 
ongoing solution first meets a partly loaded charcoal and finally 
passes through a fresh charcoal. This is, in effect, a countercurrent 
method (61, 62, 63, 64, 66, 89). Stage precipitation is not new, as 
most charcoal precipitation methods were of this nature (9, 17, 19, 
21, 23, 28, 37). 

Three tubes, 2.6 centimeters in Afanaetee and 10 centimeters long, 
were fitted up as filters. The three filters were placed one above 
another; the solution that passed through one filter was received by 
the next, and finally left the last filter as tail solution. 

Two grams of 100-mesh pine charcoal were fed wet to each filter, 
forming a filter bed one-half inch deep. The charcoals used in the 
first two filters were given a preliminary loading with solution identical 
with that of the test. 

A mill solution was used, assaying 3.32 ounces silver, 0.04 ounce 
gold, and containing 0.40 pound KCy and 0.12 pound of protective 
alkalinity per ton. For the preliminary loading, the first charcoal 
was given a half-hour contact with 120 cubic centimeters diluted to 
300 cubic centimeters, and the second was given the same contact 
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with 30 cubic centimeters diluted to 300 cubic centimeters. This 
preliminary loading gave 12.55 milligrams silver, equal to a load of 
183 ounces per ton, and 0.16 milligram gold, equal to a load of 2.3 
ounces per ton, for the first charcoal; and 3.34 milligrams silver, 
equal to a load of 49 ounces per ton, and 0.03 milligram gold, equal 
to a load of 0.4 ounce per ton, for the second charcoal. 

The original mill solution was diluted with tap water, so that it 
contained 0.33 ounce of silver, 0.004 ounce of gold, and 0.04 pound 
KCy, and 0.01 pound P. A.-per ton, and 2,400 cubic centimeters of 
this diluted solution were passed through the three filters by gravity 
filtration. The rate of filtration gradually slowed down and was 
periodically renewed by gently stirring the top of the charcoal bed. 
The average rate was 0.24 cubic centimeter per minute, giving an 
approximate contact period of five minutes in each filter. At this 
rate 2.98 square feet of filter area are required in each filter to 
precipitate 1 ton of solution in 24 hours. Each charcoal and the 
entire tail solution were assayed. The results (Table 45) show that 
practically all the precipitation took place in the first two filters, and 
suggest that filtration could be faster or that more solution could be 
put through the filters. 


TABLE 45.—Three-stage precipitation of low-grade mill solution with charcoal 


Original loading Total loading Loading due to test | 
fa Pepe 
, | tabon 
Milli- | Ounces Milli- Ounces Milli- Ounces (per ont) 


grams | perton | grams | perton | grams | per ton | 


ee 
‘ 


Silver: 
First charcoa].._... .....-. 12. 
Second charcoal....... .... 3. 
Third chareoal.-_.....----. . 
Tail solution... -.....-.-.--|-.--..-..- | 


Second charcoal. .........-- 
Third charcoa] _._.__._. _.. 3 ‘ : F 
Pil SOVUMON s G.ca132 oe tekerdd ce heel eh ou Noack eats att ece 


A's) 2 eee eee 


Gold: 
First charcoal __......-.---- . 16 
. 03 


To test more rapid filtration, the three filters were connected with 
a vacuum, and the preceding test was duplicated in all other particu- 
lars. The preliminary loading gave 12.38 milligrams silver, equal to 
a load of 180 ounces per ton, and 0.16 milligram gold, equal to s 
load of 2.3 ounces per ton, for the first charcoal; and 3.34 milligrams 
silver, equal to a load of 49 ounces per ton, and 0.04 milligram 
gold, equal to a load of 0.6 ounce per ton, for the second charcoal. 

The rate of filtration maintained was 0.65 centimeter per minute, 
or a contact period of two minutes in each filter. At this rate 1.18 
square feet of filter area would be required in each filter to precip!- 
tate 1 ton of solution per 24 hours. The results (Table 46) show 
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that shorter contact throws more work on the second and third 
filters. 


TaBLeE 46.—Three-stage precipitation of low-grade mill solution with charcoal 


Original loading Total loading Loading due to test 
a are eens See Precipi- 
| tation 
Milli- Ounces Milli- Ounces Milli- Ounces | (per cent) 
grams perton | grams per ton grams per ton 


mntmeecemenieniwest | vases | enters | meee | GENES | mere | nee 


Silver: 


First charcoal...........---- 180 21.15 308 8. 77 128 33.0 
Second charcoal : 49 15. 73 229 12. 39 181 46.6 
Third charcoal. __......--- ‘ .0 5. 40 7 5. 40 79 20. 3 
Tail solution.... .......----]..-. ..--. ReneS) ae RO ne bel oieg fete OS ha Sauce tes 1 

Petal ag atest clot Seeie ch on coe anal om zae | ea ad | 26.59 |..... 8. 100. 0 
First charcoal..... 23 . 45 6.6 .29 4.2 96. 7 
Second charcoal : .6 .05 ay .O1 1 3.3 
Third charcoal.... ..... --. 2 .0 Trace. .O: Trace 0 .0 
Tail solution................|......-.. |.-..---- sation eectelae etcaiies. RS be oe nena neg RA 

Potalcistn Gm cicrcivasilenasoarelbowdas 2 Sarak eases | 30 |.......... 100.0 


To ascertain the effect of passing a greater amount of solution 
through the filters, the preceding test was duplicated, with the 
exception that 7,200 cubic centimeters of the diluted mill solution 
was passed through the filters. The preliminary loading gave 13.01 
milligrams silver, equal to a load of 190 ounces per ton, and 0.16 
milligram gold, equal to a load of 2.3 ounces per ton, for the first 
charcoal; and 3.37 milligrams silver, equal to a load of 49 ounces 
per ton, and 0.04 milligram gold, equal to a load of 0.6 ounce per 
ton, for the second charcoal. 

The average rate of filtration maintained was 1.14 centimeters per 
minute, or a contact period of 1 minute in each filter. At this rate 
0.64 square foot of filter area would be required in each filter to pre- 
cipitate 1 ton of solution per 24 hours. From the results given in 
Table 47, it is evident that the capacity of the filter had been passed 
or that the rate of filtration was too rapid. 


TABLE aan | precipitation of low-grade mill solution with charcoal 


| 
Original] loading Total loading  ' Loading due to test 
a, ee teh et tags, Oc Precipi- 
. tation 
Milli- Ounces Milli- | Ounces | Milli- Ounces | (per cent) 
grams | perton | grams | perton | grams | per ton 
& eS SSS SS SS SS SS 
Silver: 
First charcoal .. 13. 01 190 33. 62 4910 | 20. 61 300 a 2 
Second charcoal...... ..... 3. 37 49 30. 07 439! 26. 7 389 34 0 
Third charcoal.. .0 .0 26. 35 3h&1 26. 35 384 33.5 
Tail solution.... _. Eee si lercag ee Meeligusee tase ohh tee) wa ea re!) i 6.3 
ee ee lee Ee ee BS 
TOUR i bo sua ct Scott ach oe tele ls, Bzeah, stmt? | PO TANT A ea a, ora ee reer 100. 0 
S————————— ————————-s JX —_—_—_—_———— ———————F.:.-_ lee eee. 
Gold: 
First charcoal..........._... .16 2.3 14. 6 Rq 12.3 97.7 
Second charcoa) __ . 04 .46 m) 02 .3 2.3 
Third charco: :_. .0 .0 .0 Trace .0 .0 
"Tail SOlUUION 5.560 ec ented’ hie Bio eee he ceed Yee eet Tiree: tancecacxe Naan sass 


Total......_.. ee le Sian wee ata ee . 100. 0 
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The results of these three tests of three-stage precipitation indicate 
that a contact period of only one minute in each filter is too short. 
With a larger volume of solution the load increased in the first char- 
coal, but the precipitation was evidently so slow that the second 
and third filters had more work than they could do. A slower rate 
of filtration or the use of a fourth filter would undoubtedly help 
this condition. 

A comparison of the tests in this section shows clearly that three 
stage precipitation is far more effective than agitation. It gives 
better results with less charcoal and a shorter time of contact. 

Results of three-stage precipitation tests of this mill solution with 
sodium sulphide used as a fixer for the silver are given later. 


SUMMARY 


Agitation tests of synthetic and of mill solutions and three-stage 
precipitation tests of mill solutions show that better precipitation is 
obtained in three-stage precipitation with less time of contact and 
with less charcoal. 

A comparison of the three-stage precipitation tests shows that the 
filtration rate should not be too fast, and that more than three-stage 
filtration might be advisable to obtain maximum loads on charcoal. 


‘‘FIXING’? ADSORBED GOLD AND SILVER ON CHARCOAL 


Tests were made to determine the possibility of so treating a loaded 
charcoal that the adsorbed substance would change its condition and 
remain in the charcoal unadsorbed, thus giving the charcoal the 
power to adsorb a new load. To this change of form the term 
“‘fixing’’ has been applied. The possibility presents itself of carry- 
ing a cycle of such operations to the point where the pores would 
be filled. Pulverized pine charcoal, which has a pore space of about 
80 per cent, has a large interior space for storage. 

To assume that the fixed metal must be left in a form insoluble in 
cyanide solution seems reasonable. If the metal were soluble, it 
would immediately be dissolved by the solution and readsorbed, with 
no possibility of the metals from the new solution being adsorbed. 


REHEATING LOADED CHARCOAL FOR FURTHER PRECIPITATION 


Statements (20, 22, 51, 52, 55) have been made that a loaded char- 
coal has its power of precipitation restored by heating. This change, 
if real, would be the result of fixing. The probability, however, Is 
that aurous cyanide or argentous cyanide, or metallic gold or silver 
would be formed by the heating, would dissolve in free cyanide and 
be readsorbed, and the charcoal would be in the same condition 4s 
before heating. 

A test in which pine charcoal was given a 24-hour contact with 
the solution, then heated red-hot for 15 minutes, cooled, and again 
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given a 24-hour contact with a similar solution, heated again as before 
and given a 48-hour contact with a similar solution resulted in a 
final load much less than that obtained in one precipitation with a 
charcoal properly heat treated. The results indicated that a fourth 
treatment would have resulted in no further addition to the load. 


SODIUM SULPHIDE AS A FIXER FOR SILVER 


Sodium sulphide was studied as a fixer for silver because silver sul- 
phide is not easily soluble in acyanide solution. In the first test in 
which sodium sulphide was used, 1 gram of 100-mesh pine charcoal was 
given four cycles of treatments, each of which consisted of a half-hour 
contact with 100 cubic centimeters of sodium argentocyanide solu- 
tion containing no free cyanide or alkalinity, filtering off and wash- 
ing the charcoal, passing 50 cubic centimeters of one-half of 1 per 
cent sodium sulphide solution through the charcoal in the filter, and 
washing the charcoal once. Then charcoal was used in the second 
cycle. 

Since a final load of 1,032 ounces silver per ton of charcoal was 
obtained in this test, with no indication that the limit had been 
reached, another test was made with more cycles of treatment. 

In the second test the silver solution and 1 gram of pine charcoal 
were prepared and used as in the first test. For the sulphide treat- 
ment, 10 cubic centimeters of one-half of 1 per cent sulphide solution 
were passed through the charcoal twice, the charcoal washed once 
and transferred to the next 100 cubic centimeters of silver solution. 
Ten precipitations were made. The final charcoal, each tail solution, 
and the combined sulphide solutions were assayed; no soluble sul- 
phides were found in the solutions. The results of this test, given in 
Table 48 and plotted in Figure 9, indicate a steady increase of load, 
leading to the conclusion that a very high silver capacity is obtain- 
able on charcoal by the use of sulphide as a fixer. 


TABLE 48.—Using sodium sulphide as a fixer for silver in charcoal 


t 
Milligrams silver in— | Individual results | Cumulative results 
Precipitation Precipi- Load Precipi- Load 
Charcoal; Solution | Total | tation (ounces tation (ounces 
(per cent)| per ton) | (percent) per ton) 
a a se es | 
1h rs eae ee ee 15. 78 9.40] 25.18 62.7 460! 62.7 460 
BS PCORG oa.sos ce vatieewec et ow 10. 45 14. 72 25.17 41.5 305 52.1 765 
TTT PO etext rena ate ote as 13. 27 11.91 25. 18 52.7 387 52.3 | 1, 152 
FOU Deo aoe is cere neo 10. 07 15. 10 25.17 40.0 294 49,2 1,446 
Pi i oe acca ot waco eck ne 6. 62 3.461 95.18 | 3 193 44.6 1,639 
SMM... 22-2222 e eee eee 19. 09 15. 08 25.17 40.1 WS 43.9 1, 9355 
Seventh ,w\2 cues tueec ves newe cous: 7. 80 17. 38 25. 18 31.0 227 42.0 2, 161 
504) 6 2 6 nen eee a nn ae ee OE 7.07 17. 20 25.17 31.7 232 40.7 2,343 
NaNO easiest beate anaes fea ce 7. 40 17. 78 25. 18 29. 4 216 39.5 2,609 
PCs son, hes hace ak te we os 8. 38 16. 79 25.17 33.3 244 38. 0 | 2, 894 
Sulphide solution... ...0.0. 20... | Mae 1.19 PAG eeu cleaner cee | eee finite. 


Total.....-.......-...-..- | 07. 83 | 155. 11 | 252.04 |......--.- | Dulac | Cates | ene e 
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A test in which a 0.05 per cent sulphide solution was used instead | 
of a 0.5 per cent solution showed no beneficial effect whatever from 
the sulphide treatment. 

Further study of the effect of sodium sulphide as a fixer showed 
that under certain conditions the tail solutions were dark colored 
because of unfiltratable silver sulphide. It was found that this 
could be prevented by a protective lime alkalinity in the solution. 
It was also found that a rather close control of the sodium sulphide 
was necessary. An excess of sodium sulphide causes soluble sul- 
phides to appear in the tail solutions. A deficiency of sodium sulphide 
results not only in no precipitation, but also in the solution of a part 
of what has been precipitated. 
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FIGURE 9.—Sodium sulphide as a fixer for silver on charcoal: a, Cumulative load; 6, cumulative 
precipitation; c, individual precipitation; d, individual load 


Sulphide as a fixer in stage precipitation.Several tests were 
made with sodium sulphide as a fixer in the three-stage precipitaticn 
of amill solution. The filters used were the same as those in the tests 
described previously. The solution used assayed 3.32 ounces of | 
silver and 0.04 ounce of gold, with 0.35 pound KCy and 0.1 pound 
protective alkalinity per ton. 

By using 50-mesh pine charcoal with six precipitation cycles, 
each of which 400 cubic centimeters of the mill solution were passed 
through the filters under low vacuum and were followed by 2 cubic 
centimeters of 11% per cent sulphide solution, a load of 1,869 ounces of 
silver per ton was obtained on the first charcoal, with precipitation | 
of 81.7 per cent of the silver and 99 per cent of the gold. The contact 
period in each filter was one-half minute. | 
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Since the results of this test suggested the possibility of a much 
greater load, a test was made in which 20 precipitation cycles were 
given as before, but various changes in the sulphide treatment were 
made. 

Gravity filtration was used to allow a longer contact between 
solution and charcoal. The charcoal used had been pulverized to 
pass a 50-mesh sieve, and all that was finer than 300-mesh was re- 
moved to assist filtration. Two grams of charcoal were used in each 
filter, but because of the removal of the fines, the filter bed had a 
depth of 1.4 inches. The coarse charcoal seemed unable to hold an 
excess of sulphide solution and allowed it to pass through the last filter; 
not until the amount of sulphide was reduced to the theoretical 
amount required to convert the silver to sulphide were the tail 
solutions clear and colorless. The time of contact between solution 
and charcoal was five minutes in each filter. The silver and gold in 
the three charcoals at the end of the test were distributed as follows: 
The first charcoal contained 73.1 per cent of the silver and 45.4 per 
cent of the gold; the second charcoal contained 19.2 per cent of the 
silver and 18.6 per cent of the gold; the third charcoal contained 
7.7 per cent of the silver and 36 per cent of the gold. 7 


TaBLeE 49.—Using sodium sulphide as a fizer with mill solutions 


Cumulative load on— 


- Ge Precipitation (per 
Milligrams metal in cent) 


Precipitation l 


Charcoal, Solution | Total | Individ- |Cumula-| First 


ual tive charcoal | charcoal 
87.72 99. 2 99. 2 928 
87. 72 92. 2 95.7 1, 790 
7.72 83.8 91.7 2, 573 
87.71 76.8 88.0 8, 291 
7.71 68. 2 4.1 3, 920 
87.7] 62.0 80. 4 4, 508 
87.71 40. 2 74.6 4, 884 
87.71 45.1 70.9 §, 305 
7.721 52.9 68.9 5, 799 
rows | 53.7 67.4 6, 302 
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1 Two cubic centimeters of 114 per cent sodium sulphide solution added to first 30 cubic centimeters of 
mill solution in filter. ; 

4 Two cubic centimeters of 114 per cent sodium sulphide solution directly on charcoal before mil] solution. 

3 One and a half centimeters of 14g per cent sodium sulphide solution directly on charcoal before mill 
solution. 

4 CaO added to mill solution (0.25 lbs. P. A.), sodium sulphide solution as in (!). 

8 Two cubic centimeters of 1'4 per cent sodium sulphide solution directly on charcoal one-half hour 
before mill solution in first precipitation; no sulphide in second precipitation. 

® One cubic centimeter of 144 per cent sodium sulphide solution added to first 30 cubic centimeters of mill 
solution in filter. 

’ Three-fourths cubic centimeter of 14 per cent sodium sulphide solution directly on charcoal 15 minutes 
before mill solution. 

8 One cubic centimeter of 14 per cent sodium sulphide solution directly on charcoal before mill solution. 
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The results in Table 49 are based on the assumption that in each 
precipitation the distribution of the metals in the three filters was 
the same as at the end of the test. The tail solutions from two 
successive precipitations were combined for assay; the results are, 
therefore, the results of 10 double precipitations. 

It is interesting to note the effect of the sulphide in carrying the 
gold, because of its solubility in the sulphide, through the filters. 
This effect is especially noticeable when stronger solutions of sulphide 
were used and the precipitation of gold quickly fell to zero. 
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FIGURE 10.—Silver loads obtained on charcoal from mill solution by using sodium sulphide as 
a fixer: a, Cumulative load, first charcoal; b, cumulative load, second charcoal; c, cumulative 
load, third charcoal 


The cumulative curves of this test (fig. 10) show that the ultimate 
load of the charcoals had not been reached, and that apparently 
they could have been loaded to much greater capacity. 

In general, the motive for using sodium sulphide with the charcoal 
is that if a slight excess of the sulphide be used, it will be retained in 
the charcoal and will not contaminate the solution; or, if a slight 
deficiency be used, the precipitation is completed by the adsorptive 
power of the charcoal. 


SULPHURETED HYDROGEN AS A FIXER FOR SILVER 


Sulphureted hydrogen was tried as a fixer in the precipitation of 
silver, but the results were not favorable. One gram of 70-mesh 
pine eliarooal was used for a series of six precipitations. The char- 
coal was given a half-hour contact with the silver solution, which con- 
tained no free cyanide or alkalinity, treated between each precipitation 
by passing sulphureted hydrogen through it for a period of 10 minutes, 
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then washed and used again for the succeeding precipitation. The 
results indicated that sulphureted hydrogen did not act as a fixer 
as did sodium sulphide. 


NITRIC ACID AS A FIXER FOR GOLD AND SILVER 


The effect of nitric acid as a fixer for both silver and gold was 
investigated by several tests in which 1 gram of 70-mesh pine charcoal 
was used with 100 cubic centimeters of solution, and a half-hour 
contact was given. The charcoal was then filtered, washed twice, 
and given 15 minutes’ contact with 10 cubic centimeters of 1 per 
cent nitric acid (by volume), again filtered, washed twice, and used 
in the next precipitation. The results of a number of tests showed 
that if the charcoal is dried after the nitric treatment, the results are 
not as good as when it is not dried. 

The tests usually gave somewhat erratic results; those of only 
two tests are given in Table 50. In these tests the solutions contained 
1 pound KCy per ton and the charcoal was not dried after the acid 
treatment. These results show that although the load ordinarily 
obtainable is increased 50 per cent, the effect of the nitric acid treat-. 
ments rapidly diminishes. 


TaBLe 50.—Results of using nitric acid as a fixer for silver and gold in charcoal 


oe 


Milligrams metal in— Individual results | Cumulative results 


| 
Precipitation Precipi- | Load | Precipi- | Load 
Charcoal | Solution | Total tation (ounces tation (ounces 
(per cent)} per ton) |(per cent)| per ton) 
Silver 

First sco 5 es adotewe et. 12. 63 11. 22 23. 85 53. 0 368 53.0 368 
Second_-.....--..---------.- 18. 03 5. 82 23. 85 75. 6 526 64.3 894 
Third._...-_._--------..-.. 8 81 15. 04 23. BS 36. 9 257 55. 2 1,151 
Pourth. nei eso esese ees. 2.35 21. 40 23. BO 9.8 69 43.8 1, 220 
Fifties 2.25.2. ec ece eae 1. 98 21. 87 23. 85 8.3 58 | 36. 7 1, 277 
Sixth) .fo24502 coe elec nec. 94 22. 91 23. RA 3.9 27 | 31.3 1, 305 
Seventh..._......._-.__---. 1.15 22. 70 23. 85 4.8 34 | 27.5 1, 338 
Fighth.._.-._..--.2.- 22 ee. 4.07 19. 77 23. 84 17. 1 119 26. 2 | 1, 457 
Nitrie acid solution.......-|..--....-- .19 Eh | al ae Se een eee eS cee meRe ne eas (cee Semaine 

Motalictsss35) eu ue) | 49.96} 141.02} 190.98 |..........|...------.|.--------- eiualeee 

Gold: 

Piste 52c5 ocesceeesioessss 30. 68 8. 63 39.31 78.0 895 78.0 895 
Second... _...._...----.------ 32.95 6. 36 39.3 R3.8 961 80.9 1, 856 
"Pind oe 32 Fk otk teens 16. 59 22.72 39. 31 42.2 484 68. 0 2, 340 
Fourth... .....--...---.-.-. 7.74 31.57 39. 31 19.7 226 55,9 2, 505 
Fifth... 2.22... 2-2 eee 3.15 36. 16 39.31 &.0 92? 46.3 2.657 
Sixth. .._._-_----2 2 eee 2. 42 38. 89 | 39. 31 6. 2 70 39. 7 2,728 
Seventh... _........------.- 1.31 38. 00 39. 31 3.3 38 34.5 2, TAA 
FI@NU 2 22322 .252ccut vines .91 38. 39 39. 30 2. 3 r£i 30. 4 2, 793 
Nitric acid solution........-{2- 222 2--. .72 72 Cee Gee ees eee 

Total......-..------------ 95, 75 : 219. 44 | 315. 19 | Ie reek: Dearne: (rae nr” 


HYDROCHLORIC ACID AS A FIXER FOR GOLD 


The effect of hydrochloric acid as a fixer for gold was also investi- 
gated. Six precipitation cycles were used, in which 200 milligrams 
of charcoal were given a half-hour contact with 100 cubic centimeters 
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of gold solution, then filtered, washed, and given from 5 to 25 minutes’ 
contact with 100 cubic centimeters of 1 per cent (by volume) hydro- 
chloric acid solution, again washed, and added to the next gold solu- 
tion. This procedure gave no beneficial results, since the precipita- 
tion obtained was not more than that without hydrochloric acid 


treatment. 
SUMMARY 


The term “fixing” has been applied to such treatment of loaded 
charcoal as causes a change of the adsorbed substance and leaves 
the charcoal free to take on another load. 

Reheating a loaded charcoal did not restore its adsorptive power. 

With a sodium sulphide treatment the capacity of a silver-loaded 
charcoal was easily increased sixfold. The controlling factor seems 
to be the amount of sulphide used. 

Sulphureted hydrogen did not prove effective as a fixer for silver. 

With nitric acid as a fixer the capacity of charcoal for both gold 
and silver was increased about 50 per cent. 

Hydrochloric acid had no effect as a fixer for gold. 


FLOTATION OF CHARCOAL FROM AN ORE PULP 


A test was made to determine whether the soluble gold and silver 
might be recovered from a mixture of ore and cyanide solution by 
adding pulverized charcoal and then recovering the charcoal by 
flotation. 

Flotation has been suggested for the removal of carbonaceous 
matter from an ore pulp (65, 96). The flotation of charcoal added 
to an ore pulp is simpler than the flotation of carbonaceous matter 
forming an integral part of the ore. 

In order to select a satisfactory flotation agent, experiments were 
made on the flotation of charcoal from a cyanide solution that did 
not contain ore. A satisfactory froth was obtained, and 91.6 per 
cent of the charcoal was floated with two parts xylol and one part 
hardwood creosote. The charcoal must be added to the pulp and 
enough agitation given to obtain precipitation before the oil is added, 
as the latter coats the charcoal and makes it unfit for precipitation. 
This fact forms a basis for the treatment of carbonaceous ore (96). 

Two tests were made with an ore pulp of 750 grams of oxidized 
silver ore pulverized to pass a 70-mesh sieve, and 3,000 cubic centi- 
meters of 1.8 pounds cyanide solution. Lime equal to 10 pounds 
per ton of ore was used. In one test 15 grams of 100-mesh pine 
charcoal (40 pounds per ton of ore) were added to the pulp just after 
the ore was mixed with the cyanide solution. After 48 hours’ agita- 
tion the pulp was floated in a Ruth machine by the use of 3.2 pounds 
xylol and 2 pounds of Cleveland Cliffs creosote No. 1 per ton of ore. 
In the second test no charcoal was added. At the end of 48 hours’ 
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agitation the pulp was floated with the same amounts of oil to see 
what effect flotation had on the ore itself. In each test the froth 
and tailing were filtered, washed, dried, and assayed. The solu- 
tions from the froth and tailing were combined and assayed. Only 
silver assays are given; the ore contained practically no gold. The 
results appear in Table 51. 


TaBLE 51.—Flotation of charcoal from an ore pulp 


Test containing charcoal Test without charcoal 


Product Weight Assay | Contents Weight Assay | Contents 

(grams) (ounces (milli- (grams) (ounces (milli- 

per ton) | grams) per ton) | grams) 
Brot he ere eee eee. 41.5 127. 64 181. 60 37.5 2. 00 2. 57 
TP aAtliNn@ occ vaio oe ec vacate oes eee eee 708. 5 2. 83 69. 96 712.5 2 78 67.91 
SBOMMUION.< aot ec ee ee es oes | Sel eae) 4. PL) 6 Lol Saat Rem ROEN (Nee AUN spe tag 263. 42 


The silver on the charcoal in the froth was 181.60 —2.57 = 179.03 
milligrams; the silver on the charcoal in the tailing was 69.96 — 67.91 
= 2.05 milligrams; the total silver precipitated on the charcoal was 
263.42 — 82.72 = 180.70 milligrams; the precipitation, therefore, on the 


charcoal was ee = X 100 = 68.6 per cent. The charcoal floated was 
cee X 100=98.9 per cent. The load obtained on the char- 
179. 03+ 2. 05 


coal was 352 ounces of silver per ton. As pine charcoal in a clean 
solution could have precipitated all the silver, there seems to have 
been an interference by the pulp. The test shows, however, the 
possibility of precipitation in the pulp and of floating the charcoal, 
as a fairly clean product, almost completely away from the pulp. 


COMMERCIAL APPLICATION OF CHARCOAL PRECIPITATION 


The objections to charcoal as a precipitant are: (1) Its bulk and the 
weight required, especially for silver; (2) the loss of cyanide due to its 
adsorption by the charcoal; and (3) the nuisance of burning the 
charcoal for a clean-up. Charcoal as a precipitant has advantages 
that might well be utilized under certain conditions that are discussed 
on a later page. 

In the precipitation of gold and silver by charcoal from cyanide 
solutions, only a bicarbonate enters the solution, which is consequently 
in as good a condition for further dissolving as at first. Charcoal is, 
therefore, a clean precipitant, and does not contaminate the solution 
with harmful substances. 

That charcoal precipitates copper from a cyanide solution (22, 28, 
37, 66) was verified. Therefore, a mill solution, if its copper content 
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were not too great, would be kept free from copper by the use of 
charcoal as a precipitant. 

When charcoal is used as a precipitant from cyanide solution, verv 
few fouling agents affect the precipitation seriously; some even seem 
to assist it. From a cyanide solution containing picric acid the gold 
could not be precipitated by zinc but was readily precipitated br 
charcoal. 

Charcoal is comparatively cheap and its preparation is not difficult. 
Any wood is satisfactory, though the softer woods are preferable. In 
burning the charcoal the temperature must be high enough and the 
time long enough. Oxidation must accompany the heating. Pulver- 
ization, either wet or dry, is necessary, but this need not be carnied tu 
such a degree of fineness as to prevent gravity filtration. 


IN A SMALL ISOLATED PLANT 


A small isolated plant having wood available could employ charcoil 
in preference to zinc, especially for precipitating gold. Three-stage 
gravity filtration with fairly coarse charcoal could be done at low cost. 
Undue losses of cyanide could be prevented by arranging the flow 
shect so that solutions low in cyanide would be precipitated. The 
loaded charcoal could be shipped to a smelter (this would be no more 
difficult than shipping the zinc-box product, which was often done in 
the early days of cyanidation) or the charcoal could be burned and 
the ash melted down to bullion. The burning of the charcoal mus: 
be done carefully to avoid dust loss; this loss could perhaps be largelr 
prevented by impregnating the charcoal with sodium carbonate before 
burning, for the authors noted that when charcoal had been im- 
pregnated with soda ash or caustic soda it burned quietly without 
tendency to dust. 


PRECIPITATION OF FOUL SOLUTIONS 


Charcoal could replace zinc when foul solutions cause trouble in 
precipitation (61, 62, 63, 66), as few fouling agents seem to have anv 
serious effect in charcoal precipitation. 


PRECIPITATION OF WASTE SOLUTIONS 


Charcoal is an excellent precipitant for small amounts of gold or 
silver from waste solutions containing little or no free cyanide (1°, 
43, 93). Charcoal with a high load capacity is not as necessary here 
as are simplicity of operation, efficient precipitation, and low 
expense—all of which requirements charcoal meets. 

Gravity filtration through beds of charcoal, not pulverized too fine, 
in stage precipitation requires only the occasional removal of the 
head filter and the addition of a fresh tail filter. The lack of free 
cyanide in the solution is a distinct advantage in charcoal precipita- 
tion. A three-stage charcoal filter would probably be ample for 
complete precipitation, 
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Charcoal precipitation can be applied as an auxiliary to the re- 
generation of cyanide by means of acid. When the solution is 
acidified, all the silver is readily precipitated, but owing to the slow 
formation of the aurous cyanide, only a part of the gold is precipi- 
tated. The solution, after the removal of hydrocyanic acid and the 
precipitate, is free from cyanide, and is either neutral or slightly acid. 
The gold is in ideal condition for complete precipitation on charcoal, 
and the precipitation occurs so rapidly as to seem instantaneous. 
A single or, at most, a double stage filter should prove satisfactory, 
and gravity filtration can be used if the charcoal is rather coarsely 


pulverized. 
PRECIPITATION IN AN ORE PULP 


If a cyanide ore pulp still containing precious metals in soluble 
form is going to waste, the gold and silver may be precipitated by 
adding pulverized charcoal, agitating, and then recovering the char- 
coal by flotation. With this method no filtration of the pulp is 
necessary. 

NECESSITY OF INCREASING CHARCOAL CAPACITY 


The serious disadvantage in the use of charcoal to precipitate gold 
and silver, especially silver, from a cyanide solution, lies in the large 
volume of precipitants that must be handled. To illustrate this 
point two examples of charcoal requirement are given: 

1. A mill treating 100 tons of ore containing $10 of recoverable 
gold per ton would require 1 ton of charcoal per month, if the char- 
coal were loaded to 1,500 ounces—a fair load. This weight of pine 
charcoal pulverized to 50-mesh would occupy wet about 90 cubic 
feet. 

2. A mill treating 100 tons of ore containing 10 ounces of recover- 
able silver per ton would require 40 tons of charcoal per month, if 
the charcoal were loaded to 750 ounces—a fair load. As this re- 
quirement would necessitate burning over 100 cubic feet of charcoal 
daily, one can see that if charcoal is to have a broad application 
in cyanidation, its capacity must be increased manyfold. The prob- 
lem of obtaining increased capacity can be attacked from three dif- 
ferent points: 

Increased capacity by activation.—As the limit of capacity is a 
monomolecular layer or, with pine charcoal, about 8,800 ounces of 
gold or 5,880 ounces of silver per ton, the possibility of producing 
activated charcoal that could be generally used in cyanidation is not 
promising. Such a charcoal when fully loaded would contain 23 per 
cent of gold but only 17 per cent of silver before burning—not an 
attractive outlook for silver precipitation. In no tests were results 
obtained to indicate that such capacities could be reached by 
activation of the charcoal. 
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Dissolving the adsorbed gold and silver salts from charcoal and 
again using it.—If the adsorbed gold or silver salts were removed with 
a solvent, leaving the charcoal in condition to take on another load, 
the necessity of burning the charcoal would be obviated. Several 
solvents were found for the gold salt. Sodium sulphide (57, 66). 
which has no solvent action on the silver salt, proved the most efficient 
of the substances tried. Tests indicate, however, that the amount 
dissolved by the sulphide decreases after the first treatment. For the 
silver salt, mercurous nitrate, which has no solvent action on the gold 
salt, was found most efficient, but itscost makes it of nopractical value. 

The best solvents for the adsorbed salts of both gold and silver 
were found to be sodium hydroxide, hot water, and cyanide. A 1 per 
cent sodium hydroxide solution dissolved 11 per cent of the gold 
salt and 13 per cent of the silver salt at room temperature, and 50 
per cent of the gold salt and 61 per cent of the silver salt at boiling 
temperature; with boiling water, 28 per cent of the gold salt and 
24 per cent of the silver salt were dissolved. A 1 per cent cyanide 
solution dissolved 17 per cent of the gold salt and 32 per cent of the 
silver salt at room temperature, and 65 per cent of the gold salt 
and 86 per cent of the silver salt at boiling temperature. By passing 
through the loaded charcoal a boiling cyanide solution containing 
2 pounds of cyanide per ton, 62.7 per cent of the gold salt and 95.4 
per cent of the silver salt were removed. 

The disadvantage of dissolving the adsorbed salts in order to reuse 
the charcoal is that the metals must again be precipitated from the 
solvent which, however, would be highly concentrated. 

Treating loaded charcoal to renew its precipitating power.— 
Treating a loaded charcoal with some reagent that will ‘‘fix’’ the 
adsorbed salt, leaving it in the charcoal and renewing its precipitating 
power, would give increased capacity. 

‘By three-stage precipitation on a mill solution, with 50-mesh 
charcoal and sodium sulphide as a fixer, a silver load of 6,300 ounces 
per ton was obtained and the limit had apparently not been reached. 

An advantage of sulphide fixing is that all the cyanide seems to be 
regenerated. 

Other substances tried as fixers were as follows: Sulphureted 
hydrogen for silver—not promising; hydrochloric acid for gold— 
no action; and nitric acid for gold and silver—promising, as a 50 per 
cent greater load of gold and silver was obtained on 70-mesh charcoal 
than could be obtained without nitric acid fixing on 200-mesh 
charcoal. 

As the fixing of gold and silver on charcoal has been studied to a 
small extent only, few substances have been tried. From the results 
obtained fixing seems a promising method for obtaining large loads 
on charcoal. 
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